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STARCH BRANCHING ENZYME 
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This invention relates to a new starch branching 
enzyme, and to the gene encoding the enzyme. In 
particular, the invention relates to a new starch branching 
enzyme type II from wheat. The invention also relates to a 
novel method for identification of such branching enzyme 
type II proteins, which is useful for screening wheat 
germplasm for null or altered alleles of wheat branching 
enzyme lib. The novel gene, protein and methods of the 
invention are useful in production of wheat plants which 
produce grain with novel properties for food and industrial 
applications, for example wheat grain containing high 
amylose or low amylopectin starch. 

15 Background of the Invention 

In -plants, two classes of genes encode starch 
branching enzymes, known respectively as BEI , and BEII . In 
the monocotyledonous- cereals, there is strong evidence 
demonstrating that the BEII class contains two independent 
types of genes, known in maize as BEIIa and BEI lb (Gao et 
al., 1996; Fisher et al . , 1995). In barley, two types of 
genes have been reported, and shown to be differentially 
expressed (Sun et al . , 1998). An additional class of 
branching enzyme (50/51 kD) from barley' has also been 
25 described (Sun et al . , 1996). 

In dicotyledonous plants, loss of BEII- activity 

through either mutation (Bhattacharyya et al . , 1990) or 

gene suppression technologies gives rise to starches 

containing high amylose levels (Safford, 1998, Jobling 
30 1999) . 

In monocotyledonous plants, mutations giving rise to 
• high amylose contents are known in maize, rice and barley. 
In neither rice (Mizuno et al . , 1993) nor barley 
(Schondelmaier et al . , 1992) have the known high amylose 
35 pheno types been associated with the BEIIa or BEIIb 

mutations respectively. However, in maize it is firmly 
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established that the high amylose phenotype is associated 
with down regulation of the BE I lb gene (3oyer et al . , 1980; 
Boyer and Preiss, 1981, Fisher- et al , 1996). 

The impact of down- regulation of BEX has been 
investigated" through antisense inhibition in potato tuber; 
the down-regulation has been found to alter the prooerties 
of the starch, but not its gross structural features, such 
as the amylose content (Filpse et al . , 1996). In wheat, 
antisense down-regulation of BEI activity has small but 
significant effects on starch structure (Baga et al , 1999). 
The branching enzyme I gene from maize has been cloned (Kim 
et al., 1998), but mutants affecting branching enzyme I 
activity in maize are not known. 

No mutations specifically reducing BEIIa activity have 
been reported/ and no -gene suppression experiments in 
plants have succeeded in reducing BEIIa activity, although 
the dul mutation in maize is known to reduce the. expression 
of both BEIIa and starch synthase III. However, the dul 
mutation is now known to be. due to mutation of the 
structural gene for starch synthase III (Gao 1998, . Cao 
1999) . . ' . 

In our previous patent application No. PCT/AU98 / 00743 
(W099/14314) , we have described the structure of a BEII 
gene from wheat, which we have subsequently designated the 
BEIIa gene. ' 

In the present application we describe the' isolation 
of a second BEII gene from wheat, which we have designated 
the BEI lb gene, and discuss the uses to which this gene 
sequence can be applied. We have surprisingly found that 
in wheat the expression level of the various branching 
enzymes is very different to that in maize and barley. In 
this specification we show that BEIIb in wheat is expressed' 
at low levels in the soluble fraction of the wheat 
endosperm, and is predominantly found within the starch 
granule. This indicates that there are important 
differences in the regulation. of gene expression in wheat 
compared to other cereals, suggesting that the manipulation 
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of the amylose to amylopectin ratio in wheat will involve 
the manipulation of more than just the BEIIb gene. 

We have also surprisingly found that the BEIIa and 
BEIIb gene structures are highly conserved with respect to 
5 exon size and position, allowing us to prepare DNA-based 
diagnostics which they can distinguish not only the BEIIa 
and BEIIb classes of genes, but also the forms of these 
genes encoded on the A, B and D genomes of wheat, and to 
identify the BEIIb proteins expressed by the wheat A, B and 
10 D genomes, providing an essential tool for the screening of 
wheat germplasm for null or altered alleles of wheat 
branching enzyme I la . 

Summary of the Invention 

15 In a first aspect, the invention provides an isolated 

nucleic acid molecule encoding wheat starch branching 
enzyme lib (BEIIb) . 

Preferably the nucleic acid sequence is a DNA 
sequence, and may be genomic DNA or cDNA. 

20 Preferably the nucleic acid molecule has the sequence 

depicted in Figure 8 (SEQ ID NO : 5 ) , Figure 9 (SEQ ID NO : 6 ) , 
or SEQ ID NO: 10'. It will be clearly understood that the 
invention also encompasses nucleic acid molecules capable 
of hybridising to these sequences under. at least low 

25 stringency hybridization, conditions , or a nucleic acid 

molecule with at least 70% sequence identity to at least 
one of these sequences. Methods for assessing ability to 
hybridize and % sequence identity are well known ±n the 
art. Even more preferably the nucleic acid molecule is 

30 capable of hybridizing thereto under high stringency 

conditions, or has at least 80%, most preferably at least 
90% sequence identity. A nucleic acid molecule having at 
least 70%, preferably at least 90%, more preferably at • 
least 95% sequence identity to one or more of these 
35 sequences is also within the scope of the invention. 

Biologically-active untranslated control sequences of 
genomic DNA are also within the scope of the invention. 
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Thus the invention also provides the promoter of BEIIb. 

In a second aspect of the invention, there is provided 
a genetic construct comprising a nucleic acid sequence of 
the invention, a biologically-active fragment thereof, or a 
5 fragment thereof encoding a biologically-active fragment of 
BEIIb operably linked to one or more nucleic acid sequences 
which are capable of facilitating expression of BEIIb in a 
plant, preferably a cereal plant. The construct may be a 
plasmid or a vector, preferably one suitable for use in 

10 transformation of a plant. Such a suitable vector is a 
bacterium of the genus Agrobaaterium, preferably • 
AgrobeLCterium tumefaciens. Methods of transforming cereal 
plants using Agrobe.c terium tumefaciens are known; see for 
example Australian Patent No. 6 67 93 9 by Japan Tobacco 

15 Inc.; Australian Patent No. 687863 by Japan Tobacco Inc.; 
International Patent Application No. PCT/US97/10621 by 
Monsanto Company; and Tingay et al (19 97) . 

In a third aspect, the invention provides a genetic 

■ 

construct for targeting of a desired gene to endosperm of a 
20 cereal plant, and/or for modulating the time of expression 
of a desired gene in endosperm of a cereal plant, 
comprising a BEIIb promoter, operatively linked to a 
nucleic acid sequence encoding a desired protein, and 
optionally also operatively linked to one or more 

r * 

25 additional targeting sequences and/or one or more 3 '- 
untranslated sequences . 

The nucleic, acid encoding the desired protein may be 
in either the sense orientation or in the anti-sense 
orientation. Alternatively it may be a duplex construct, 

30 comprising a portion of the nucleic acid sequence encoding 
the desired protein in both the sense and anti-sense 
orientations, operably linked by a spacer sequence. It is 
contemplated that any desired protein which is encoded by a 
gene which is capable of being expressed in the endosperm 

35 of a cereal plant is suitable for use in the invention. 

Preferably the desired protein is an enzyme of the starch 
biosynthetic pathway.' For example, the antisense sequences 
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of GBSS, starch debranching enzyme, S3E II, low molecular 
weight glutenin, or grain softness protein I, may be used. 
Preferred sequences for use in sense orientation include 
those of bacterial isoamylase, bacterial glycogen synthase, 
5 or wheat high molecular weight glutenin 3x17 . 

In a fourth aspect, the invention provides a wheat 
BEIIb polypeptide, comprising an amino acid sequence 
encoded by a nucleic acid molecule according to the 
invention, or a polypeptide having at least 70%, more 

10 preferably 8 0%, even more preferably 90% amino acid 
sequence identity thereto, and having the biological 
activity of BEIIb. 

The polypeptide may be designed on the basis of amino 
acid sequences deduced from the nucleic acid sequences of 

15 the invention, or may be generated by expression of the 

wheat BEIIb nucleic acid molecule in a heterologous system. 
Suitable heterologous systems are very well known in the 
art, and the skilled person will readily be able to select 
a system suitable for the particular purpose desired. 

20 In a fifth aspect, the invention provides an antibody 

directed against BEII polypeptide. The antibody may be 
polyclonal or monoclonal. It will be clearly understood 
that the invention also encompasses biologically-active 
antibody fragments, such as Fab, (Fab) 2 / and ScFv. Methods 

25 for production of antibodies and fragments thereof are very 
well known in the art. 

The antibodies of the invention may be used for 
identification and separation of BEIIb proteins, for 
example by affinity electrophoresis. This greatly 

> 

30 facilitates the identification and combination of altered 
forms of BEIIb via analysis of germplasm, and greatly 
assists plant breeding. The antibodies of the invention 
are suitable for use in any affinity-based separation 
system, preferably using methods which overcome 

35 interference by amylases. Suitable methods are known in 
the art. 

In a sixth aspect, the invention provides a plant cell 
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transformed by a genetic construct according to the 
invention, or a plant derived from such a cell.. 
Additionally, a transformed plant cell may also comprise 
one or more null alleles for a gene selected from the group 
5 consisting of GBSS, BEIIa, and SSII. Preferably the plant 
is a cereal plant, more preferably wheat or barley. 

In a seventh aspect, the invention provides a method 
of modifying the characteristics of starch produced by a 
plant, comprising the steps of: 

10 a) increasing the level of expression of BHIIb in 

the plant,- for example by introducing a nucleic acid 
molecule encoding BEIIb into a host plant, or 

b) decreasing the level of expression of BEIIb in 
the plant, for example by introducing an anti-sense nucleic 

15 acid sequence directed to a nucleic acid molecule encoding 
BEIIb into a host plant. 

As is well known in the art, over-expression of a gene 
can be achieved by introduction of additional copies of the 
gene, and anti-sense sequences can be used .to suppress 

20 • expression of the protein to which the anti-sense sequence 
is complementary. Other methods of suppressing expression 
of -genes are known in the art, for example co-suppression, 
RNA duplex formation, or homologous recombination. It 
would be evident to the person skilled in the art that 

25 sense and anti-sense sequences may be chosen depending on 
the host plant, so as to effect a variety of different 
modifications of the characteristics of the starch produced 
by the plant . 

Preferably the plant is a cereal plant, more 
30 preferably wheat or barley. 

Preferably the branching of the amylopectin component 
of starch is modified by either of these procedures . More 
pref.erably a plant, with high amylose content is produced. 
In an eighth aspect, the invention provides a method 
35 of targeting expression of a desired gene to the endosperm 
of a cereal plant, comprising the step of transforming the 
plant with a construct according to the invention. 
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In a ninth aspect, the invention provides a method of 
identifying a null or altered allele encoding an enzyme of 
the starch biosynthetic pathway, ' comprising the step of 
subjecting DNA from a plant suspected to possess such an 
5 allele to a DNA fingerprinting or amplification assay, 
which utilizes at least one DMA probe comprising one or 
more of the nucleic acid molecules of the invention. The 
nucleic acid molecule may be a genomic DNA or a cDNA, and 
may comprise the full-length coding sequence or a fragment 
thereof. Any suitable method for identification of BEIIb 
sequences may be used, including but not limited to PCR, 
rolling circle amplification, RFLP, and AFLP . Such methods 
are well known in the art, and any suitable technique may 
be used. 

In a tenth aspect, the invention provides a plant 
comprising one or more BEIIb null alleles, in combination 
with one or more other null alleles selected from the group 
consisting of BEIIa , G3SS, SSII and BEI . Optionally the 
plant may also comprise a BEIIa or BEIIb gene expressed in 
20 either the sense or the anti-sense orientation. The null 
alleles for BEIIa, GBSS SSII and BEI may be identified 
using methods described in PCT/AU97 / 00743 . 

It will clearly understood that the invention also 
encompasses products produced from plants according to the 
25 invention, including but not limited to whole grain, part 
grain, flour or starch. 

Because of the very close relationship between 
Asgilops tauschii, formerly known as Triticum tauschii, and 
wheat, as discussed in PCT/AU97 / 00743 , results obtained 
30 with A. tauschii can be directly applied to wheat with 

little if any modification. Such modification as may be 
required represents routine trial and error 

experimentation. .Sequences from these genes can be used as 
probes to identify null or altered alleles in wheat, which 
35 can then be used in plant breeding programes to provide 
modifications of starch characteristics. The novel 
sequences of the invention can be used in genetic 
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engineering strategies or to introduce a desired gene into 
a host plant, or to provide anti-sense sequences for 
suppression of expression of the BEIIb gene in a host 
plant, in order to modify the characteristics of starch 
5 produced by the plant . 

While the invention is described in detail in relation 
to wheat, it will be clearly understood that it is also 
applicable to other cereal plants of the family Gramineae, 
such as maize, barley and rice. 

10 Methods for transformation of -monocotyledonous plants 

such as wheat, maize, barley and rice and for regeneration 
of plants from protoplasts or immature plant embryos are 
well known in the art. See for example Lazzeri et ai, 
1991; Jahne et a J , 1991 and Wan and Lemaux, 1994 for 

15 barley; Wirtzens et al, 1997; Tingay et al , 1997; Canadian 
Patent Application No. 2092588 by Nehra; Australian Patent 
Application No. 61781/94 by National Research Council of 
Canada, and Australian Patents No. 667939 and No. 687863 by 
Japan Tobacco Co. 

20 The sequences of ADP glucose pyrophosphorylase irom 

barley ( Australian ' Patent Application No. 65392/94), 
starch debranching enzyme and its promoter from rice 
(Japanese Patent Publication No. Kokai 62 617 87 and 
Japanese Patent Publication No. Kokai 5317057), and starch 

25 debranching enzyme from spinach and potato (Australian 
Patent Application No. 44333/96) are all known. 

Brief Description, of the Figures 

Figure 1 shows the sequence of the S3E9 branching 
30 enzyme cDNA encodes SBE Ila, cloned from a wheat cv Rosella 
cDNA library (SEQ ID NO : 1 ) . 

Figure 2 shows the sequence of the branching enzyme 
BEIIa gene (SEQ ID NO : 2 ) contained within the F2 lambda 
clone isolated from an Aeg-ilops tauschii genomic DNA 
35 library. 

Figure 3 shows the results of hybridisation of 
Aagilops tauschii DNA with probes derived from wSBE 1 1 -DAI 
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type sequences. A. Hybridisation with a probe from SBE9 
consisting of exons 5-9. B. Hybridisation with fragment 
F2 . 2 (consisting of exons 4-9 and introns 4-8 and part of 
introns 3 and 9) . Enzymes used for the digest were: 
5 1. Bam HI, 2. Dra I, 3. EcoR I, 4. EcoR V. Molecular 
size markers are indicated. 

Figure 4 shows the alignment of sequences of Intron 5 
fragments from the A, B and D genomes of wheat 

Figure 5 shows the PCR analysis of A. tauschli genomic 
10 clones using Intron V sequences. 

Figure 6 shows the alignment of a 262bp PCR fragment 
amplified from hexaploid wheat using the primers sr913F and 
• W3E2E6R, and a region from the wheat branching enzyme lib 
gene wSBE II-D31 . 
15 Figure 7 shows the alignment of barley branching 

enzyme lib cDNA, wheat branching enzyme lib cDNA, and SBE9 
sequences with the sequence of the wheat (A. tauschli).- 
branching enzyme lib gene. 

Figure 8 shows the partial genomic sequence of a 
20 branching enzyme lib gene from A . tauschli (SEQ ID. NO : 5 ) . 

Figure 9 shows, the sequence of a cDNA for branching 
enzyme lib gene from hexaploid wheat (SEQ ID NO: 6) . 

Figure 10 shows the sequence alignment of branching 
enzyme genes . The cDNA sequences used for this analysis 
25 were SBE9 (SEQ ID NO : 1 ; Figure 1), wheat BEIIb cDNA (SEQ ID 
N0:6; Figure 9), Y11282, a wheat branching enzyme sequence 
(Nair et al . 1997'), barley BEIIa (Sun et al". 1998), barley 
BEIIb (Sun et al . 1998), rice BEIII (Mizuno et al . 1993), 
rice 3EIV (Geabank Accession No. E14723) maize BEIIa (Gao 
30 et al. 1997) and maize BEIIb (Gao et al . 1997) . The 

observed N- terminal of wheat (Morell et al . , 1997 ; Y11282) 
is shown in bold. Figure 11 shows the dendrogram of BE 
sequences. .The sequences analysed were for wheat Y11282 
(Nair et al., 1997), SBE 9 (SEQ ID NO : 1 ; (Figure 1), wheat 
35 BEIIb (SEQ ID NO : 9 ; Figure 9), barley Ila and lib ( Sun et 
al. 1998), maize Ila (Gao et al. 1997), maize lib (Fisher 
et al. 1993), rice III (Mizuno et al . 1993), rice IV 
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(Genbank accession E14723), potato BEI (Khoshnoodi et al . 
1997), potato BE II(Cangiano et al 1993), pea BEI and BEII 
{Burton et al.1995), E.coli BE (Baecker et al . 1986) and 
bacillus (Kiel et al 1992). Note that pea BE I and pea BE 
II sequences correspond to maize BE II and BE I 
• respectively because of differences in nomenclature 
conventions . 

Figure 12 shows the comparison of exon/intron 
structure for the BEIIa and BEIIb genes. (1) wheat 
branching enzyme Ila gene, wSBE II DAI (2) maize amylose 
extender BEIIb gene (3) partial wheat branching enzyme lib 
gene, wSBE II D31 (4) partial barley branching enzyme lib 
gene . 

Figure 13 shows the results of analysis of the 
15 expression of mRNA for the BEIIa and BEIIb genes in wheat. 
Panel (A) : Hybridisation of SBE9 probe to lanes 1 to 3 
and hybridisation of wheat BEIIb cDNA probe to lanes 4 to 
6. Panel (B) : mRNA loading for each lane. 

Lanes 1 and 4 contain leaf mRNA; lanes 2 and 5 contain 
20 pre-anthesis floret mRNA; lanes 3 and 6 contain mRNA from 
wheat endosperm collected 15 days after anthesis. 

Figure 14 shows the results of analysis of wheat 
endosperm branching enzyme Ila by affinity electrophoresis. 
Samples: Lanes 1,4 and 7 contained 20 ug endosperm 
25 soluble protein, lanes 2, 5 and 8 contained 30 \ig endosperm 
soluble protein and lanes 3 and 6 contained 10 p.g endosperm 
soluble protein. 

Figure 15 shows the results of non-denaturing gel 
electrophoresis analysis of branching enzymes in the 
30 soluble fraction of wheat endosperm. 

Samples were: Lane 1, R6 pre- immune , 1:100; Lane 2,' R6 
pre-immune, 1:3000; Lane 3, R6 , 1:100; Lane 4, R6 , 1:1000; 
Lane 5, R6 , 1:3000; Lane 6, 3KLH , 1:2000; Lane 7 , 3KLH, 
1:5000; Lane 8, R7 pre-immune, 1:1000; Lane 9, R7 o^e- 
35 immune 1:5000; Lane 10, R7 , 1:1000; Lane 11, R7 , 1:3000; 
Lane 12, R7, 1:5000 

Figure 16 shows the results of affinity 
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electrophoresis separation of branching enzyme Ila forms 
from diverse wheat germplasm using the gel conditions 
described in Figure 11 (Panel C) . Panel A. Lane 1, 
Durati, T. durum; Lane 2 A . tauschii , Accession No. 
5 24242; Lane 3, A. tauschii , Accession No. 2409 5; Lane 4, 
A . tauschii , Accession No. 24092 ; Lane 5, Hartog , 
Tri ticuiu . aesti vmn; Lane 6, Rosella, T. aestivum; Lane 7, 
Corrigin, T. aescivuin; Lane 8, Bodallin, T. aestrivum; 
Lane 9, Beulah, T. aestivTiin; . Lane 10 Bindawarra , T. 
10 aestivum; Lane 11, Barley ( Hordeum vulgare) . Panel 3. 

Lane 1: Afghanistan 006, Tri ticum durum; Lane 2, Persia 20, 
T . aestivum; Lane 3, Afghanistan 8, TV aestivnm; Lane 4, 
Kashmir 4, T . aestivum; Lane 5, Gandum Sockhak, T . 
aestivum; Lane 6, Warbler, T. aestivnm; Lane 7, Bayles, T . 
15 aestivum; Lane 8, Kometa; Lane 9, Kashmir 14, T. aestivum; 
Lane 10, Rosella, T. aestrivnm; Lane 11, Kashmir 8, T. 
aestivum; Lane 12, Beijing 10, T. aestivum; Lane 13, 
Savannah, T. aestivum; Lane 14, Afghanistan 55-623, T. 
aastivum; Lane 15, Karizik, T. aestivum; Lane 16, Indore 
20 E98, T. durum; Lane 17, Iraq 17, T . durum; Lane 18," Seri 
82, T. aestivujn; Lane 19, Indore 19, T. aestivTxrn. 

Figure 17 shows the results of two-dimensional 
separation of the components of the wheat starch granule 88 
kD band. The wheat starch granule 88 kDa band was 
25 electrophoresed in the first dimension' through an SDS-PAGE 
gel. Lanes were excised, renatured, and placed on top of a 
non-denaturing • PAGE gel and electrophoresed' ina second 
dimension. Two lanes were placed on top of each non- 
denaturing PAGE gel. (A) protein staining with Coomassie 
30 blue reagent (3) Immunoblotting of gels with either 3KLH or 
R6 antibodies, as indicated on the figure. 

Figure 18 is a diagrammatic representation of the BEIT 
genes from various species, showing the exon/intron 
structure. The dark rectangles represent exons . 
35 Figure 19 shows the results of PCR amplification of 

SEE lib gene from CS nullisomic lines, using the primers 
ARA 12F and ARA 10R. 
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Figure 2 0 shows the results of PCR amplification of 
SBE lib gene, using the primers ARA 6F and ARA 8R from 

Triticum spp. Lanes: 1) r. monococcum, 2) T. durum, 3) T . 

urartu, 4) T. tauschii, 5) CSDT2DS , 6) CSDT2BL-9, 7) 
5 CSDT2AS and 8) CS . 

Figure 21 shows the alignment of the exon 1 - intron 1 
~ exon 2 region of the SBE lib gene from the A, B and D 
genomes. * indicates that the sequence could not be 
specifically assigned to the A or B genome. 

Figure 22 shows the alignment of the BE I lb sequences 
from each genome. 

Figure 23 shows the results of PCR amplification of 
the SBE lib gene was carried out using the primers ARA 19F 
and ARA 15R, followed by restriction digestion using Rsal / 
Lanes 1) CS, 2) T . monococcum, 3) T. tauschii, 4) CSDT2BL-9 , 
which is missing part of the long arm of chromosome 2B, and 
6) CSDT2AS, which is missing the long of chromosome 2A. 

Figure 24 shows the results of PCR amplification of 
intron 3 region of SBE lib from wheat lines, using the 
primers ARA 19F and ARA 23R followed by Rssl 1 digestion. 
Lane 12 is the null mutant for the D genome 

Figure 2 5 is a schematic representation showing the 
development of the SBE 11a construct. A) Biogemma vector, 
PDV03000; 3) pBluescript carrying the full length cDNA of 
25 SBE Ila; C) SBE Ila construct in pDV03000; D) Sense Ila 
■ construct and E) Antisense Ila construct. 

Figure 26 is a schematic representation of the 
development of the SBE lib construct. A) Biogemma vector, 
pDV'03000; B) pGEM-T carrying a 1045bp fragment of SBE lib; 
C) SBE lib construct in pDV03000; D) Sense lib construct 
and E) Antisense lib construct. 

Figure 27 is a schematic representation of a S3S II 
duplex construct. A) SBE sequence inserted in between the 
promoter and the terminator in its linear form; B) Duplex 
formation of mRNA within the transgenic plant. 
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Example 1 Isolation of BEII genes from an A. tauschii 

genomic library and their characterisation 
by PCR 

Plant material 

Aegilops tauschii, CPI 110799, was used for the 
construction of the genomic library. Previously this 
accession has been shown to be most like the ancestral D 
genome donor of wheat, on the basis of the conservation of 
order of genetic markers (Lagudah et al . 1991). The 
Triticum aesti\rum cultivars Rosella, Wyuna and Chinese 
Spring were used for the construction of different cDNA 
libraries . 

cDNA and genomic libraries 

The construction of the cDNA and genomic libraries 
used in this example was as described in Rahman et al . , 
(1997,1999) and in Li et al . (1999). Conditions for 
library screening were hybridisation at 25% form amide , 
5XSSC , 0.1% SDS, 10X Denhardts, 10 0 Jig /ml salmon sperm DNA 
at 42°C for 16h, followed by washing at 2XSSC , 0.1%SDS at 
65°C- for 3Xlh. 

Screening of a wheat cDNA library 

Screening of a wheat cv Rosella cDNA library prepared 
from endosperm . (mid-stage of development) with the maize 
SBE I clone (Baba et al . , 1991) at low hybridisation 
stringency led to the isolation of two classes of positive 
plaques. One class hybridised strongly to the probe, and 
encoded wheat SBE I (Rahman et al . , 1997,1999). The second 
class was weakly hybridising. The clone with the longest 
insert from this second class was called SBE 9, and its 
sequence showed greater identity to SBE II than to SBE I 
type sequences . This was designated SBE Ila. The sequence 
of SBE 9 (SEQ ID NO : 1 ) is set out in Figure 1. 
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Screening of A. tauschii genomic library 

A genomic library constructed from A. tauschii was 
screened by DNA hybridisation with SBE9 , and four positive 
■ clones were purified. These were designated Fl to F4 . The 
5 sec^u^nce from positions 537 to 890 of SBE9 was amplified by 
PGR, and used to screen the A. tauschii library again. 
Clones isolated from this screening are referred to as Gl 
and G2 and HI to H8 



15 



10 (1) Number of BEIT type genes in wheat 

The sequence of a branching enzyme gene, designated 
F2, from Aegrilops tauschii was described in W099/14314, and 
is given in Figure 2 (SEQ ID NO : 2 ) . A probe generated from 
F2 , designated F2 . 2 , contained sequences from 2704 to 
4456 bp of SEQ ID NO : 2 , and contained exons 4-9, introns 4- 
8, and parts of intron 3 and 9. Hybridisation of A . 
tauschii DNA (cut with four different restriction enzymes) 
with F2.2 revealed only one strongly hybridising band and 
several very faint bands (Figure 3, panel B) , consistent 
with the presence of a single BEII type gene in the^. 
tauschii genome. The cDNA clone, SBE9 { SEQ ID NO:l) has 
>9 5% identity to the exon regions of the F2 branching 
enzyme gene. A region of S3E9 from nucleotides 537 to 890, 
including exons 5 to 9 , was used as a hybridisation probe, 
25 and gave a much more complex pattern (Figure 3, panel A) , 
. strongly indicating that there is more than one BEII gene 
type in the A . tauschii genome. 
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Example 2: PC R analysis of BEIIa - Intron 5 

PCR primers, sr913F (5' ATC ACT TAC CGA GAA TGG G 3', 
SEQ ID NO: 3) and W3E2E6R (5' CTG CAT TTG GAT TTC AAT TG 3 ' , 
SEQ ID NO: 4) were designed to anneal to Exon 5 and Exon 6 
respectively of the wheat F2 gene in order to amplify the 
intron region (Intron 5) between these exons. Analysis of 
35 the products of PCR reactions using these primers shows 
that the primers amplify fragments of 228 bp from the A- 
genome of wheat, 22 6 bp from the D genome and 217 bo from 
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the B genome. These fragments were shown to be amplified 
from chromosome 2A, 2D and 2B of wheat respectively by 
analysis of nullisomic/ tetrasomic chromosome -engineered 
lines of wheat. In addition to these fragments, a 262 bp 
5 fragment was amplified, and this fragment (designated the 
2 62 bp Universal fragment) was not polymorphic among the 
chromosome engineered lines tested. The 2 62 bp Universal 
fragment and the A, B and D regions from the F2 gene were 
cloned and sequenced, and the sequence comparison is shown 
10 in Figure 4 . 

Example 3 : Classification of the G1-G2 and HI -HI 0 genes 

PCR analysis using PCR primers sr913F (5' ATC ACT TAC 

CGA GAA TGG G 3') and W3E2E6R (5' CTG CAT TTG GAT TTC AAT 
15 TG 3 ' ) showed that the Kl to E10 lambda clones yielded an 

approximately 2 00 bp fragment, and the Gl and G2 clones 

yielded an approximately 2 60 bp fragment (Figure 5) . 

Partial sequencing of Gl and G2 showed that the parts of . 

the sequence analysed had 80% identity with the exons 4 and 
20 5 of wSBE IX -DAI , but the intervening intron contained a 

sequence that showed no homology to any sequence contained 

within F2 . 

■ 

However, the Gl and G2 clones from A. tauschii showed 
92.7% identity to the sequence of the 262 bp universal 
25 fragment amplified and cloned from hexaploid wheat, and an 
alignment of these sequences is shown in Figure 6. Figure 
7 shows an alignment of a region corresponding to the 53 7 
to 890 bp region of the SBE9 clone from the cDNAs for 
barley BE I lb (Sun et al . , 1995, Sun et al . # 1998), S3E9 , 
30 wheat BEX lb cDNA with the sequence from clone Gl . Further 
sequencing of Gl led to the isolation of a sequence, shown 
in Figure 8 (SEQ ID NO:5), which showed high identity with 
the sequence reported by Sun et al . (199 8) for the 5' end of 
barley lib cDNA and the partial sequence for the cognate 
35 gene. Gl and G2 therefore contain a gene which is distinct 
from F2 , and which has high homology to barley BEIIb . We 
have designated this gene wS3E II-D31. 
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Example 4 : Isolation of a wheat BEIIb cDNA and an 

addl t 1 onal genoml c f ragmen t 
A barley cDNA library was constructed using 5 jag of 
polyA* mRNA (1.67 Jig' of polyA + mRNA from 10, 12 and 15 DP A 
endosperm tissues were pooled) . cDNA was synthesised using 
the cDNA synthesis system marketed by Life Technology, 
except that the NotI-(dT) 18 primer (Pharmacia Biotech) was 
used to synthesise the first strand of cDNA. Pfu polymerase 
was added to the reaction after second strand synthesis to 
flush the ends of cDNAs . Sall-Xhol adapter (Stratagene) was 
then added to the cDNAs . cDNAs were ligated to Sall-NotI 
arms of ^ZipLox (Life Technology) after digestion of cDNAs 
with NotI followed by size fractionation (SizeSep 400 spun 
15 Column of Pharmacia Biotech) . The entire ligation reaction 
(5 fJ.1) was packaged using Gigapack III Gold packaging 
extract (Stratagene) . The titre of the library was tested 
by transfecting either the Y1090(ZL) or the LE392 strain of 
E.coli. 

* 

20 Primers 1 and 2 (Sun et al . 1998)), were used for PCR 

amplification of a fragment from a barley cDNA library (Ali 
et al . , 2000) using conditions described in Sun et al . 
(199 8) . The identity of this fragment was confirmed by 
sequence analysis, and the fragment was used as a probe to 

25 isolate a cDNA by hybridisation,' cDNA from a cDNA library 
constructed from Chinese Spring (Li et al . 1999) 

This cDNA was designed wBEIIb, and its sequence is 
shown in Figure 9 ( SEQ ID NO: 6) . This probe was also used 
to reprobe the genomic library from A. tauschll referred to 

30 above, and a clone, designated G5 , was recovered from this 
screen. Analysis showed that the wBEIIb cDNA sequence 
showed 98.5% identity and the G5 sequence showed 100% 
identity to .sequences already recovered from Gl and G2 . G5 
therefore represented the same wSBE II-D31 gene, and the 

35 wBEIIb cDNA is a product of the orthologous gene in 
hexaploid wheat . 
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Example 5 : Relationships between BEII sequences 

Deduced amino acid sequences for branching enzymes 
from various cereals were analysed using the PILEU? program 
from the GCG suite of programs (Devereux 1984), and an 
5 alignment of these sequences is shown in Figure 10. The 

PILEU? analysis used a penalty of 12 for insertion of a gao 
and 0.1 for extending the gap per residue. The cDNA 
sequences used for this analysis were S3E9 (SEQ ID NO : 1 ; 
Figure 1), wheat BEIIb cDNA (SEQ ID NO : 6 ; Figure 9), 

10 Y112S2, a wheat branching enzyme sequence {Nair et 

al.1997), barley BEIIa (Sun et al . 1998), barley BEIIb 
(Sun et al. 1998) , rice BEIII (Mizuno et al . 1993), rice 
BEIV (Genbank Accession No. E14723) maize BEIIa (Gao et 
al . 1997) and maize BEIIb (Fisher .et al . , 1993). The 

15 observed N- terminal of wheat (Morell et al . , 1997; Y11282) 
is shown in bold. 

The relationships between branching enzyme sequences 
are illustrated in Figure 11, using a dendrogram generated 
by- the PILEU? program. The sequences analysed were for 

20 wheat Y11282 (Nair et al . , 1997), S3E 9 (Figure 1), wheat 
BEIIb (Figure 9), barley Ila and lib ( Sun et al. 1998), 
maize BEI (Kim et al, 1998), maize Ila (Gao et al . 1997), 
maize lib (Fisher et al . 1993), Arabidopsis BEII (U22428, 
Fisher et al . , 1996), Arabidopsis BEII (U18817 , Fisher et 

25 al., 1996), rice . I (Kawasaki et al . , 1993), rice III 

(Mizuno et al . 1993), rice IV (Genbank accession E14723), 
potato BEI (Khoshnoodi et al . 1997), potatb BE II 
(Cangiano et al 1993), pea BEI and BEII (Burton et 
al . 1995 ) , E. coli BE (Baecker et al . 1986) and bacillus 

30 (Kiel et al 1992) . Note that pea BE I and pea BE II 

sequences correspond to maize BE II and BE I respectively 
because of differences in nomenclature conventions. 

On the basis of this comparison, the branching enzyme 
gene contained on clone F2 was classified as a BEIIa type 

35 gene and designated wSBE II -DAI . 
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Example 6 : Structure of the wSBE II -DAI and wSBL II- 

DB1 genes 

Figure 12 shows a comparison of the exon/intron 
structures of the wheat wS3S II-DA1 and wSBE II-DB1 genes. 
The structure of the wSBE II-DB1 gene is shown from the 
beginning of the wheat BEIIb cDNA through to exon 5. 
Hybridisation results suggest that regions at the 3' end of 
the wheat BEIIb cDNA are not contained within any of the 
clones G1,G2 and G5 . This is not surprising, as the maize 
SBE II b gene extends over 16.5kb and required the 
isolation of two genomic clones (Kim et al 1998) . The 
positions of the intron/exon boundaries for the first five ■ 
introns of the wheat BEIIa and BEIIb genes are conserved, 
as shown in Table 1. The size of the first five introns in 
wSBE II-DB1 vary considerably in size from the first five 
introns in wSBE 1 1 -DAI . 
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Example 7 : Expression analysis at the mRNA level 

RNA from endosperm at different developmental stages 
was obtained from wheat grown in the glasshouse as 
described in Li et al . (1999). RNA was extracted by the 
3 method of Kiggins et al . (1976), separated on denaturing 
rormamide gels and blotted onto Kybond N+ paper, 
essentially as described in Maniatis et al". (1992) . 
Probes were prepared from the extreme 3' ends of S3E9 
(bases 2450 to 2640 of SEQ ID NO : 1 ) and wBEIIb cDNA. (bases 
2700 to 2890 of SEQ ID NO : 6 ) by PGR using the followina 
scheme: 94°C, 2min, 1 cycle, 94°C, 30s, 55°C, 30s, 72°C," 

3 0s, 3 6 cycles, 7 2°C 5m-: n i rV ri P . o<^°n i • •, , 

;>m_.., _cycxe, 2b C-, Imxn, lcycle. T<h=> 

probes were from the 3' untranslated region, and were 
specific for either wS3E II-DA1 or wS3E II-DB1 type 
sequences. An RNA species of about 2.9kb hybridised to 
each probe (Figure 13 Panel B) . However, the intensity of 
hybrxdisation determined by densitometry, and normalised ' 
for differences in RNA loading) , indicated that RNA 
hybridising to the wS3E 1I-D31 gene was present at 2.5 to 3 
fold lower concentration than RNA -hybridising to the wS3E 
II -DAI gene. 

Example 8 : Analysis of branching enzymes by affinity 

electrophoresis demonstrates that only BEIIa 
is predominant in the soluble fraction 
In Morell et al . , (1997), we reported that only a 
single form of branching enzyme II could be ' identify ed in 
the wheat developing endosperm soluble fraction. However 
thxs was on the basis of anion- exchange chroma tograohy. and 
it remained possible that there were multiple forms, even 
though they could not be separated by this technique. 

Matsumoto has develooed a^ a^initv P i Pr --nnv, ■ . , 

- c -- ilUL J' execuropnoresxs mechod 

for measuring, the interaction of branching enzym.es wit>^ 
polysaccharide substrates (Matsumoto et al . , 1S90), and we 
have further developed this technique specif icallv to allow 
tne separation of the branching enzyme Ha forms encoded bv 
each of the three wheat genomes. Figure 14 shows an 
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immunoblot of a non-denaturing polyacryl amide gel 
electrophoresis experiment in which the gel matrix 
contained the (3 -limit dextrin of maize amylopectin alone 
(Figure 14, lanes 1 and 2), showing separation of three 
5 forms of branching enzyme Ila: Resolution is slightlv 
enhanced by the addition of the CX-amylase inhibitor 
acarbose (Figure 14, lanes 3,4 and 5), and substantially 
enhanced by the addition of a-cyclodextrin (Figure 14 lane 
6, 7 and 8) . 

A non-denaturing gel was prepared, containing a 
stacking gel composed of 0.125 M Tris-HCl buffer (pH 6.3), 
6% acrylamide, 0.0 6% ammonium persulphate and 0.1% TEMED. 
.The separating gel was composed of three panels. The basi 
non-denaturing gel mix contained 0.34 M Tris-HCl buffer (p 
15 8.8),. CHAPS (0.05%), glycerol (10.3%), acrylamide (6.2%), 
0.06% ammonium persulphate, 0.1% TEMED and the (5- limit 
dextrin of maize amylopectin* (0.155%). Panel A (lanes 1 
and 2) contained only the basic non-denaturing gel 
reagents. Panel- B (Lanes 3, 4 and 5) contained the basic 
20 non-denaturing gel reagents and 0.066 itlM acarbose. ...Panel 
(lanes 6, 7 and 8)- contained the basic non-denaturing gel 
reagents and 0.067 mM a-cyclodextr in . 

Following electrophoresis at 100 V for 16 hours at 4 
2 C, the proteins in the separating gel were transferred to 
25 nitrocellulose membrane . according to Morell et al (1997) 

and imxnu.no reacted with 1 : 5000 .dilution of 3KLH antibodies 
(raised against the synthetic peptide AASPGKVLVPDESDDLGC 
(SEQ ID NO: 7) coupled to the keyhole limpet hemocyanin via 
the he ter obi functional reagent m-Maleimidobenzoyl-N- 
30 hydroxysuccinimide ester) . 

The use of a (3-limit dextrin provides a suoerior 
separation because it prevents interference with the 
separation by endogenous p- amylases in the wheat endosperm 
tissue, and the use of a-cyciodextrin in the assay further 
35 enhances the separation. Without wishing to limit the 

invention by any proposed mechanism, we believe that this 
enhancement may result from the inhibition of endogenous 
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wheat endosperm a- amylases . 

The analysis shows that three branching enzyme II 
proteins are present, and that each of these protein's 
cross-reacts with antibodies to a synthetic oligooeo t ide 
5 designed from the N- terminal region of the BEIIa protein in 
a region that shares no homology with the wheat BEIIb 
protein . 

The soluble fraction of the wheat endosperm was 
reacted with various antibodies raised against oeotides 

10 designed on the basis of the sequences of the wheat BEIIa 
(see Figure 12) or the wheat BEIIb cDNA . Figure 15 shows 
that only 3KLK, raised against the N- terminus of BEIIa, 
cross-reacted with proteins (marked by arrows) in the 
soluble fraction which show a specific shift in mobilitv in 

15 the presence of the (3-limit dextrin of amylopectin and a- 
cyclodextrin . Gels were prepared as described in Figure ' 
14-, except that the gel used in Panel A contained the non- 
denaturing gel mix without the (3-limit dextrin of maize 
amylopectin. Panel B contained the non-denaturing gel mix 

20 '. plus a-cyclodextrin. An extract of developing wheat 

endosperm was prepared using 3 volumes of extraction buffer 
per g of tissue, and 140 Lll of sample applied per gel. 
Following electrophoresis at 100 V for IS hours at 4 a C, 
the proteins in the separating gel were transferred to 

25 nitrocellulose membrane according to Morel 1 et al (1997) 
which was cut into 1 cm strips. The antibodies prepared 
were 3KLH (see Figure 11), R6 (raised in rabbit against the 
synthetic peptide AGGPSGZVMIGC (SEQ ID NO : 8 ) coupled to the 
keyhole limpet hemocyanin via the heterobi functional 

30 reagent m-Maleimidobenzoyl-N-hydroxysuccinimide ester) ; 

pre- immune serum from the R6 rabbit; P.7 (raised in rabbit 
against the synthetic peptide GGT??SIDG?VQDSDGC (SEQ ID 
NO: 9) coupled to the keyhole limpet hemocyanin via the 
heterobi functional reagent m-mal eimidobenzoyl-N- 

35 hydroxysuccinimide ester) and pre -immune serum from the R7 
rabbit . 
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As in Figure 14, the BEIIa protein is separated into 
three forms (indicated by arrows in Figure 15, Panel B) , by 
affinity electrophoresis in the presence of (3-limit 
dextrin. In barley (Sun et al . , 1997) and maize (Bayer and 
5 Preiss 1981) both branching enzymes Ila and lib are present 
in the soluble fraction. In some subsequent experiments we 
have defected low levels of BE lib in the soluble fraction . • 

The separation of the forms of BEIIa encoded bv each 
wheat genome is demonstrated in Figure 16. In Panel (A) 
10 the diploid A. - tauschii (lanes 2,3 and 4) and barley line 

(lane 11) yields a single band. However, the tetraploid T. 
durum lines (Panel A lane 1, Panel 3, lanes 1, 16, and 17) 
and hexaploid T. aestivum lines (Panel A lanes 5-10, Panel 
B lanes 2-15, 18-19) give at least 2 bands. Some hexaploid 
15 lines (panel A , lane 7 and 9, Panel B lanes 2-6, lanes 8-9, 
lane 13) yield 2 bands, indicating either that they are 
null for one genome or that: the products of two genomes 
migrate with identical mobility in the gel system. 

The use of the separation system as a means of 
20 screening for wheat genomes with altered or null alleles of 
branching enzyme Ila is demonstrated by Figure 14 (Panel 
B) , where different lines are shown to have different 
•numbers and mobilities of branching enzyme Ila proteins. 

25 Example 9 : Presence of two classes of proteins in the. 

starch granule at 88 kDa. and their 
differential antibody binding . 
The wheat starch granule contains a number of proteins 
that have been analysed by SDS-PAGE (Rahman et al. , 1995, 
30 Denver et al . , 1995, Takaoka et al, Li et al . , 1999a, Li et 
al, 1999b) and two-dimensional gel electrophoresis 
( Yam amor i and Endo, 19 96) . The following bands have been 
identified: 60 kDa, G3SS; 75 kDa, SSI; 100 kDa , 103 kDa and 
115 kDa, SSII ) . An 8 8 kDa band is also observed, and has 
35 been shown to be associated with branching enzyme activity 
(Denver et al . , 1995) and to react to antibodies to maize 
BEII (Rahman et al . , 1995) . This protein band was shown to 
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contain at least two protein components. 

This analysis has been extended by purification and 
analysis of the individual granule proteins. The granule 
proteins were isolated from 4 . 7g of wheat starch granules 
5 by boiling in 24- ml of SDS buffer (50 mM Tris-HCl buffer pi 
6.8,- 10% SDS and 6.25% 2 -mercaptothanol ) as described by 
Rahman et al . , (1995). Residual granular starch was 
removed by centrif ugation, and granule proteins were 
separated by applying the supernatant to a 9% SDS-PAGE crel 
prepared in a Biorad Model 491 Prep Cell apparatus. The 
SDS gel contained a stacking gel composed of 0.125 M Tris- 
HCl buffer ( P H 6.8), 0.25% SDS, 6% acrylamide, 0.06% 
ammonium persulphate and 0 . 1% 'teMED and a separating gel 
containing 0.34 M Tris-HCl buffer (pH 8.8), 0.25% SDS, 
15 acrylamide (9 %), 0.06% ammonium persulphate, and 0.1% 
TEMED . The samples were elec trophoresised at 60 mAmp . 
constant current for 16 hours, and fractions of ractions (5 
ml) collected by a pump operating at 0.5 ml /rain. Fractions 
were analysed by SDS-PAGE, and fractions containing an 88 
kDA band precipitated by the addition of 3 volumes . of 
acetone. The precipitate from each 5 ml fraction was 
collected by centrif ugation, the sample dissolved in SDS 
burrer, and electrophoreses through a standard 8% SDS-PAGE 
gel. The lane was excised from the gel and renatured in 
25 0.04 M Tris for. 2 hours. .To generate a' two-dimensional 
separation, the gel was then laid across the top 'of a 
second non-denaturing PAGE gel and elec trophoresed . 
Proteins were identified by staining with Coomassie blue (a 
50:50 mixture of 2.5% Coomassie Blue R-250 and Coomassie 
30 Blue G250 solutions) . 

Figure 17, Panel (A) shows that two proteins were 
visible after staining, and these were designated 88 kD (U) 
and 88 kD (L) , as indicated by the arrows. Immunoblot ting 
of the two-dimensional gel with peptide antibodies to the 
35 N-terminal of BEIIa (3KLK) and to' the N- terminus of the 
wheat BEIIb cDNA sequence (R6 ; see Figures 12 and 13 for 
details of the antibodies are set out in Example 8) 
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j 

indicated preferential binding of the RS antibody to 88 kD 
(UJ and preferential binding of 3KLH to 88 kD (L) (Figure 
17, Panel B) , providing a provisional assignment of these 
proteins as BEIIb and BEIIa respectively. 
5 The proteins were further analysed by digestion with 

trypsin, and the peptides released were identified by 
MALDI-TOF analysis at the Australian Proteome Analysis 
Facility, Maccruarie University, Sydney. The results of 
this analysis, shown in Table 2, demonstrated that 88 kD 
10 (U) was the product of the wheat BEIIb gene, and that while 
the assignment of 88 kD (L) was inconclusive, the results 
were consistent with the. protein being a branching enzyme 
encoded by either S3E9 or the wheat BEIIb cDNA. 
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Table 2 

(a) Comparison of 83 kD (U) and the predicted protei 

encoded by the wheat BE I lb cDMa/ 

5 

Matches: 6 

MOWSE Score: 4. 9 7 e + 0 01 
Coverage: 8.35% 
Matching Peptides: 



15 



MW 


Delta 


Start 


End 


Sequence 


755 . 4766 


-0 . 13 


320 


325 


(K) 


RPKSLR (I) 


1337 .7092 


0 . 01 


453 


463 


(R) 


VFMYGNKEVZR. (?) 


1337 . 6728 


-0 .03 


703 


713 


(R) 


RFDLGDAEFLR (Y) 


1508 .7623 


-0 .12 


785 


799 


(K) 


WLDSDAGLFGGFGR ( I ) 


1589 . 6933 


-0.08 


731 


743 


(K) 


YGFMTSDKQYVSR (K) 


1692 .7049 


-0 .17 


184 


198 


(R) 


SDIDEHEGGMDVFSR ( G) 


1706 . 8740 


-0 .04 


340 


353 


(K) 


IMTYANF RDEVL PR ( I ) 


(b) 


Comparison of 8 3 


kD (L) 


and the predicted 




proteins 


encoded 


by the 


wheat 


BExXb cDNA and S3E9 




cDNA . ' 






I 


f 


piatcnes to 


wheat 3E 


lib cDNA 






Ma tcn^q • P 












MOWSE Scor 


e : 1 . 3 2e+ 


003 








Likelihood 


: 2.053+003 








Coverage : 


11.72% 










Matching P 


eptides : 










MW 


Delta 


. Start 


End 


Sequence 


819 .4503 


11.23 


464 


470 


(R)FLLSNAR (W) 


1210 . 5090 


-105 .27 


444 


452 


(R) 


GKHWMWDSR ( V ) 


1337 .7092 


10 .53 


453 


463 


(R) 


VFNYGNKEVIR ( F ) 


1337 . 6728 


-16 . 68 


703 


713 


(R) 


RFDLGDAEFLR (Y) 


1508 .7623 


-44 .33 


785 


799 


(K) 


WLDSDAGLFGGFGR ( I ) 


1573 .7445 


-16 . 81 


326 


339 


(R) 


I YETKVGMS SPEPK ( I ) 


1589 . 6933 


-23.46 


731 


743 


(K) 


YGFMTSDKQYVSR ( K ) 


1692 .7049 


-95 . 07 


184 


198 


(R) 


SDIDEHEGGMDVFSR ( G ) 


1706 . 8740 


-15 . 57 


340 


353 


(K) 


I NTY ANE RDEVL P R ( I ) 
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Matches to wheat SBE9 
Matches : 6 

MOWSE Score: 1.04e+001 
5 Coverage: 8.63% 

Matching Peptides : 



MW 




Delta 


Stare 


End 


Sequence 


S19 . 


4603 


11 . 23 


451 


457 


(R)FLLSNAR (W) 


1210 


. 5090 ' 


-105 . 27 


431 


439 


(R) GHHWMWDSR (V) 


1508 


.7875 


-27 . 64 


145 


156 


( K ) IYEIDPTLKDFR ( S ) 


1573 


.7446 


-16 .81 


313 


326 


(R) IYESHIGMSSPEPK (I) 


159 9 


.7641 


-9 . 93 


171 


185 


(R) AAI DQKSGGL EAF SR (G) 


1692 


. 8583 


-4 . 45 


327 


340 


( K ) INSYAWir'KDEVLPR ( I ) 



10 Example 10 : Sequencing- of. the S3E lib gene 

A partial genomic sequence of the SBEIIb gene was 
obtained, using clone G5 described in Example 4 . So far 
approximately 8 . 4kb of sequence has been obtained.* This 
includes approximately 5 0 Qbp upstream of the start codon, 

15 presumably comprising the promoter region, and exons 1 to 
14 in full. This partial sequence is set out in SEQ ID 
NO: 10. From the sequences of the corresponding maize and 
Arabidopsls BEII genes, we would expect the gene to contain 
22 exons. A comparison between the exbn/intron structures 

20 of various BEII genes and the wheat BEIIb gene is shown in 
Figure 18, and the sizes of the exons in various S3EII 
genes are compared in Table 3 . In this table "Arab" 
represents A^rahidopsis . 
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TaLble 3 



Sizes of exons in various SBE lib 



genes 



£xon no 



Arab2l | Arab 2 2 ! 



Mai-e j Barley i Wheat 



BEIIb ! BSIIb 




Using a probe specific for the 3 



three clones designated G7 , G8 



end of SHE "b 



and G9 respectively, 



nave 
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now been isolated from Che T. tauschii genomic library, and 
are being subjected to sequence analysis to provide the 3' 
region of the gene. 

5 Example 11 : Development of PCR Primer Sets for the 

Discrimination of the BEIIb Genes from each 
genome 

A number of primer sets, designed on the basis of 
comparisons between S3E Ila and S3E lib genes, were tested 
10 on wheat genomic DNA . The sequences of these primers were 



as 


follows 


* 


























ARA 


12?: 


5 ' 


CCG 


TCC 


TAC 


ATG 


ACA 


CCT 


GGC 


CG .3 ' 


SEQ 


ID 


NO : 


11 


ARA 


10R: 


5' 


CCG 


CCG 


GAT 


CGA 


GGA 


GCC 


GAC 


GG 3 ' 


SEQ 


ID 


NO: 


12 


ARA 


6? : 


5 ' 


GGC 


GGC 


GGC 


GAC 


GGG 


ATG 


GCT 


GC 3 ' 


SEQ 


ID 


NO : 


13 


ARA 


8R: 


5' 


CGC 


CGT 


CAG 


GGA 


TCA 


TCA 


CCT 


CC 3 ' 


SEQ 


ID 


NO : 


14 


ARA 


19F: 


5' 


CAC 

* 


CCA 


TTG 


TAA 


TTG 


GGT 


ACA 


CTG 3 ' 


SEQ 


ID 


NO : 


15 


ARA 


15R 


5 ' 


TCC 


ATG 


CCT 


CCT 


TCG 


TGT 


TCA 


TCA 3 ' 


SEQ 


ID' 


NO: 


16 


ARA 


23R 


5 ' 


CTG 


CGC 


ATA 


AAT 


CCA 


AAC 


TTC 


TCG 3 ' 


SEQ 


ID 


NO : 


17 



20 Targeting the promoter region of S3E lib using the 

primers ARA 12F and ARA ' 13R resulted in the specific 
amplification of only the D genome gene. Aneuploid analysis 
using this pair of primers showed that the S3E lib was 
located on the long arm of • chromosome 2 in wheat, as 

25 illsutrated in Figure 19. ' 

The primers ARA6F and ARA8R, which amplify the exon 1- 
intron 1-exon 2 region of S3E lib, could distinguish the D 
genome from the A and B genomes, as shown in Figure 20. 
Sequence analysis of this region indicated that the genes 

30 from the A and B genomes completely lack intron 1 . This is 
illustrated in Figure 21. 

Example 12 : Identification of S3E lib in Genomes A, 3 

and D 

35 Sequence analysis of the intron 3 region of SBE lib, 

amplified by PCR using the primers ARA 1SF and ARA 15R, 
followed by digestion using the restriction enzyme P. sal , 



15 
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revealed significant polymorphism amongst the three 
genomes. This polymorphism, illustrated in the sequnce 
alignment set out in Figure 22, was utilised to develop 
genome specific markers which can distinguish between the 
5 A, B and D genomes. 

PCR amplification of the SBE lib gene was carried out 
using the primers ARA 19F and ARA 15R, followed bv 
restriction digestion using R^al . The results of the PCR 
analysis, shown in Figure 23, indicate that these primers 
10 can distinguish between the three genomes. 

Screening of approximately 600 wheat lines using the 
genome specific primer pair, ARA 19? and ARA 23R, which 
amplifies the same region as ARA 19F and ARA 15R, 
identified one null mutant . of the wheat genome. The 
amplification was performed as described for Figure 23, and 
the results are shown in Figure 24. 



Example 13 : Constructs for Expression of BEIT genes 

Recombinant DNA technology may be used to inhibit or 
20 abolish expression of either or both of 3E IJa. and. BE lib.. 
Three general approaches are used, using transformation of 
the target plant cells with one of the following types of 
construct*. 

a) 'Antisense ' constructs of SBE Ila and SBE lib, in 
25 which the desired nucleic acid sequence is .inserted into 

the construct in the opposite .direction to the functional 
gene . ■' 

b) 'Sense' constructs of SBE Ila and SBE lib, in 
which the desired nucleic acid is inserted in the same 

30 direction as the functional gene; this utilises co- 
suppression events to inhibit the expression of the target 
gene; 

c) Duplex constructs of • SBE Ila and SBE lib, in 
which the desired nucleic acid in both the sense and 

35 antisense orientations is co-located in the construct on 
either side of a "spacer" loop formed by an intron 
sequence . 
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In all three cases, the desired nucleic acid is 
operably linked to a promoter sequence in trie construct. 

Sense and antisense constructs have been widely used 
to modulate gene expression in plants. More recently, it 
5 has been shown that the delivery of RNAs with potential to 
form duplexes is a particularly efficient strategy for 
generating post- transcriptional gene silencing in 
transgenic plants (Waterhouse et al . , 1998; Smith et al . , 
2000) . 

10 Transformation of the target wheat cells, or cells of 

other plants, using these constructs is effected using 
methods known in the art,. such as transformation with 
Agroba. c £ ez~i urn turns facians . Once transgenic plants are 
obtained, they are assessed for the effects of the 

15 transgenes on BE I la and BE lib expression. For example, 
in both maize and potato it has been shown that crossing 
BE II mutations or BE II transgenes into 3E I-deficient 
backgrounds greatly increases amylose content. Wheat BE I 
null lines, identified using the methods described in 

20 W099/14314, provide a ready source of BE I-deficient 

genetic material into which BE Ha and 3E lib transgenics 
can be crossed, in order to extend further the range of 
starches which can be produced. 

Sense, antisense and duplex constructs of S3E 11a and 

25 SBE lib were generated in. the vector pDV 0 3 00 0 (Biogemma 
Ltd, UK) which carries the high molecular weight gluten 
promoter (pHMWG) and the Nopaline synthase (Nos ) 
terminator. These constructs are schematically represented 
in Figures 25, 26 and 27. The Biogemma vectors are based 

30 on the well-known plasmid p3R322, and comprise a number of 
restriction sites, as illustrated in Figures 25 and 26, for 
incorporation of desired DNA sequences. The entire desired 
DNA, plus . the promoter and .terminator sequences referred to 
above, can then ' be excised as a Xho fragment and cloned 

* * 

35 into a suitable vector, such as Agroba c t eri um tumefaciens. 
Those skilled in the art will be aware of' other suitable 
vectors which could be used. 
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10 



15 



20 



30 



SBE IXa constructs 

A sense construct of S3 Ila was prepared by inserting 
a 2 1 4 3 bp fragment of SBE Ila coding sequence in the sense 
orientation at the EcoRl/ Smal site of pDV03000. An SBE Ila 
an ti sense construct was prepared by inserting 1913bo of 
SBE Ha coding sequence in the antisense orientation at the 
EcoRl/BamHl site of pDV03000. This is also illustrated in 
Figure 25. 
SBE lib constructs 

A sense construct of SBE lib was generated by 
inserting a 1008bp fragment of the SBE lib coding sequence 
in the sense orientation at the EcoRl/Smal site of . 
PDV03000. An antisense SBE lib construct was prepared by 
inserting a 955bp sequence of the coding region for SBE lib 
at the BaititLl/Pstl site of pDV03000 in the antisense 
orientation. This is illustrated in Figure 26. 
Duplex constructs 

A schematic model of a duplex construct is set out in 
Figure 27. . The duplex construct was prepared using the 
following protocol, in which all the amplification s teps 
were performed using PCR under conventional conditions. 



• SBE Ila duplex 

1) a 468bp sequence of SBE Ila, which includes the 
25 whole of exons 1 and 2 and part of exon 3, with EcoRl and 

Kpnl restriction sites on either side, was amplified to 
obtain a first fragment (fragment 1) ; 

2) a second fragment, 512bp in length, consisting of 
part of exons 3 and 4, and the whole of intron 3 of 
SBE Ila, with Kpnl and Sacl sites on either side, was 
amplified to provide fragment 2 ,- 

3) a 523bp fragment consisting of the comolete exons 
1, 2 and 3 of SBE Ila, with BasriKl and Sacl sites on either 
szde, was amplified to provide fragment 3; 

j5 4) fragments 1, 2 and 3 were ligated so that the 

sequence of fragment 3 was ligated to fragment 2 in the 
antisense orientation to fragment 1. 
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SBE lib duplex 

1) a 4 7 Ibp sequence consisting of the whole of exons 

1 and 2 and part of exon 3 of SBE lib was amplified with 

5 EcoRl and Kpnl restriction sites on either side to generate 
fragment 1; 

2) a 5 8 Sbp fragment consisting of part of exons 3 
and 4 and the whole of intron 3 of SBE lib, with Kanl and 
Sacl -sites on either side, was amplified to orovide 

10 fragment 2; 

3) a 52 Sbp fragment consisting of the complete exons 
1, 2 and 3, with ' BasnHl and Sacl sites on either side was 
amplified to provide fragment 3; 

4) fragments 1, 2 and 3 were ligated so that 

15 fragment 3 was in the antisense orientation to fragment 1 
when ligated to fragment 2 . 

The start and " end points of the sequences used for 
making the constructs were as follows: 

20 a) SBE Ila sense construct 

Start: 4 6 Ibp of She 9 (SBE Ila) cDNA 
End: 2 6 0 3 bp of She 9 (SBE Ila) cDNA 

25 b) SBE Ila. a.ntl-sense construct 

* 

Start: 691bp of She 9 (SBE Ila) cDNA 
End: 2 6 0 3 bp of She 9 (SBE Ila) cDNA 

This fragment was ligated in the anti-sense orientation, 
c) SBE lib sense construct 

Start: 8 Sbp of SBE lib c DMA 
End: 10 8 Sbp of SBE lib cDNA 



30 
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d) S3E lib anti-sanse construed 

» 

Start: 153bp of SBE lib cDNA 
End: 1085bp of SBe lib cDNA 
5 This fragment was ligated in the anti-sense orientation. 

e) SBE Ila duplex construct 

i) Fragment I 

10 Full exon 1: iiSlbp - 13 3 6 bp of SBE Ila genomic sequence 

Full exon 2: 1664bp - 17 61bp of SBE Ila genomic 
sequence 

Partial exon 3: 2038bp - 2219bp of SBE Ila genomic 
sequence 

15 This fragment had an EcoRl site (GAATTC) introduced at the 
start of the exon 1 sequence and a Kpnl site (GGTACC) 
introduced at the end of the partial exon 3 sequence. 

ii) Fragment 2 

20 Partial exon 3:' 222 Obp - 2279bp of SBE Ila genomic 

sequence 

Full intron 3: 22 8 Obp - 2 68 Obp of SBE Ila genomic 
sequence 

Partial exon 4: 2S81bp - 27 3 Ibp of SBE Ila genomic 
25 sequence 

This fragment had a Kpnl site (GGTACC) introduced at the 
start of the partial exon -3- and a Sacl site' (GAGCTC) 
introduced at the end of the partial exon 4 sequence. 

30 iii) Fragment 3 

Full exon 1: 115 Ibp - 13 3 obp of SBE Ila genomic 

sequence 

Full exon 2: . 1664bp - 17 6 ibp of SBE Ila genomic 
sequence 

35 Full exon 3: 2 03 8bp - 227 9bp of SBE Ila genomic 
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This fragment had a BamHl site (GGATCC) introduced at the 
start of the complete exon Isequence and a Saci site 
(GAGCTC) introduced at the end of the complete exon 3 
secuence . 



f ) SBE i±b duplex construct 

i) Fragment 1 t 

Full exon 1: 489bp - 640bp of SBE lib genomic sequence 
10 Full exon 2: 789bp - 934bp of SBE lib genomic seqiieince: 

Partial exon 3 : ISS.Sbp - 1770bp of SBE lib genomic 

This fragment had an EcoRl site (GAATTC) introduced at 'ths 
start of exon land a Kpni site (GGTACC) introduced at the 
15 end of the partial exon 3 sequence. 

ii ) Fragment 2 

Partial exon 3 : 1771bp - 1827bp of SBE lib genomic 

20 Full intron 3 : 182 8bp - 22 92bp of SBE lib genomic 

sequence 

Partial exon 4 : 2 2 9 3 bp - 23S9bp of SBE lib genomic 
sequence 

This fragment had a Kpnl site (GGTACC) introduced at the 
25 start of the partial exon . 3 sequence and a Sacl site 
(GAGCTC) introduced at the end of the partial exon 4 
sequence. 

iii) Fragment 3 

30 Full exonl : 4 83bp - 640bp of SBE lib genomic sequence 

Full exon 2: 789bp - 934bp of SBE lib genomic sequence 
Full exon 3 : 1598bp - 1827bp of SBE lib genomic 
sequence 

This fragment had a BamHlsite (GGATCC) introduced at the 
35 start of exon 1 and a Sacl site (GAGCTC) introduced at the 
end of exon 3 . 
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\ 
t 

•The SBE Ila and SBE lib duplexes thus formed were 
respectively inserted at the EcoRL /SamHl site of pDV03 000. 

Samples of X phage clones G5 and G9 have been 
deposited in the Australian Government Analytical 
5 Laboratories, acting as an International Depository 

Authority under the Budapest Treaty on 2 0 February 2 001, 
under accession numbers NMOi/19255 and NM01/19256 
respectively. 

It will be apparent to the person skilled in the art 
10 that while the invention has been described in some detail 
for the purposes of clarity and understanding, various 
modifications and alterations to the embodiments and 
methods described herein may be made without departing froi 
the scope of the inventive concept disclosed in this 
15 specification. 

References cited herein are listed on the following 
pages, and are incorporated herein by this reference. 
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C LA IMS : 



1- An isolated nucleic acid molecule encoding wheat 
starch branching enzyme lib (BEIIb) . 

2. An isolated nucleic acid molecule according to cla- 
3 1, in which the nucleic acid is a DN£ 



3- An isolated nucleic acid molecule according to claim x 
or claim 2, in which the nucleic acid is a genomic DNA. 

4. An isolated nucleic acid molecule according to claim 
3. xn which the nucleic acid is present in any one of 
clones Gl, G2 , . G7 to G9, or Kl to K10 . 



5 

o 



- An isolated nucleic acid molecule accordinc to claim 1 
r claxm 2, m which the nucleic acid is a cDNA . 

6- An isolated nucleic acid molecule according to claim 
5, which has 

15 (a) thS se <3U s *ce depicted in any one of Figure S (S^Q 

lD N ° 5) ' Fi S urs 9 (SEQ ID NO 6), or SEQ ID NO 10; 

(b) . a nucleic acid molecule capable of hybridising to 
at least one of the. sequences in (a) under at least low 
stringency hybridization conditions; or 

20 (C) a nuc leic acid molecule with at least 70% 

sequence identity to at least one of the sequences in (a) . 

7 " ^ isolated nucleic acid molecule according to 

claim 6, which has 

(a) the sequence depicted in SEQ ID NO 10; 

^ (b) a nucleic acid molecule capable of hvbridising to 

SEQ ID NO: 10 under at least low stringency hybridization 
conditions; or 

(c) a nucleic acid molecu ~ with at least 70% 
sequence identity to SEQ ID NO: 10. 



30 



m 
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8. An isolated nucleic acid molecule according to clai 
or claim 7, in which the nucleic acid molecule is capable 
of hybridizing to at least one of the sequences in (a) 
under high stringency conditions, or has at least 80% 

5 sequence identity thereto. 

9. An isolated nucleic acid molecule according to any ons 
of claims 6 to 8 , in which the nucleic acid molecule has at 
least 90% sequence identity to at least one of the 
sequences in (a) . 

10 10. A promoter sequence of a genomic DNA according to any 
one of claims 1 to 3 . 

11. A genetic construct comprising a nucleic acid sequence 
according to any one of claims 1 to 9 , a biologically- 
active fragment thereof, or a fragment thereof encoding a 

15 biologically-active fragment of BEIIb operably linked to 
one or more nucleic, acid sequences which are capable of 
facilitating expression of BEIIb in a plant. 

12. A genetic construct according to claim 11, in. which 
the plant: is a cereal plant. 

« 

20 13. A genetic construct according to claim 11 or claim 12, 
in which the construct is a plasmid or a vector. 

14. A genetic construct according to -any one of claims 11 
to 13, in which the construct is one suitable for use in 
transformation .-of a plant. 

25 15. A genetic construct according to claim 13 or claim 14 
in which the vector is a bacterium of the genus 
A.groba c t eri um . 



J-O . - 



>- genetic construct according to claim 15, in which 
the. bacterium is Ag~oba.at.sri um tuip.efaciens. 

17. A genetic construct for targeting of a desired gene to 
endosperm of a cereal plant, and/or for modulating the time 
of expression of a desired gene in endosperm of a cereal 
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Plant, comprising a BEIIb promoter, operative^ linker '"to a 
nucleic acid sequence encoding a desired protein, ard 
optionally also operatively linked to one or more 
additional targeting sequences and/or one or more 3' 
5 untranslated sequences. 

18. A genetic construct according to claim 17, in which 
tne desired protein is encoded by a gene which is caoabi e 
or being expressed in the endosperm of a cereal plant. 

12. A genetic construct according to any one of claims 16 
to 13, in which the desired protein is an enzyme of the 
starch biosynthetic pathway. 

20. .a genetic construct according to anv on- of 

claims 16 to 19, in which the nucleic acid encoding th- 
cesired protein is in the sense orientation. 

21- A genetic construct according to claim 20, in wbic* 
the sense sequence is selected' from the group consisting 0 f= 
bacterial isoamylase, bacterial glycogen synthase, and 
wheat high molecular weight glutenin Hxl7'. 

22. A genetic construct according to any one of claims 16 
to 19, in which the nucleic acid encoding the desired 



25 



protein is in the 



anti-sense orientation. 



.23. A genetic construct according to claim 22, in which 
the ant i sense sequence is selected from the grouo 
consisting of G3SS , starch debranching enzyme, SBE IT, low 
molecular weight glutenin, and grain softness o-ot-in t 



24. A wheat BEIIb polypeptide, 



comprising an amino acid 
sequence encoded by a nucleic acid molecule accordino to 
any one of claims 1 to 9 , or a polypeptide havina at least 

70% ammo acid sequence identitv t*eret-n - 

j-sa^j.. >__uy Lnereco, ana naving the 

biological activity of BEIIb. 
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25. A wheat BEIIb polypeptide according to claim 24, 
having at least 80% amino acid sequence identity to an 
amino acid sequence encoded by a nucleic acid molecule 
according to any one of claims 1 to 9 . 

5 26. A wheat BEIIb polypeptide according to claim 26, 
having at least 90% amino acid sequence identity to an 
amino acid sequence encoded by a nucleic acid molecule 
according to any one of claims 1 to 9 . 

27. An antibody directed against, a 3EII polypeotide 
10 according to any one of claims 24 to 2 6 . 

28. An antibody according to claim 27, which is 
polyclonal. 

29. An antibody according to claim 27, which is 
monoclonal . 

15 30. An antibody according to any one of claims 27 to 29, 
which is raised against a sequence as set out in SEQ ID NO 
7 , SEQ ID NO 8 , or SEQ ID NO 9 . 

31. A plant cell transformed by a genetic construct 
according to any one of claims 11 to 23 . 

20 32. A plant cell according to claim 31, which also 

comprises a null allele for a gene selected from the arouo 
consisting of G3SS , BEIIa, and SSII. 

33. A plant derived from a cell according to claim 31 or 
claim 3 2 . 



25 



30 



34. A plant comprising one or more BEIIb null alleles, in 
combination with one or more other null alleles selected 
from the group consisting of BEIIa, GBSS, SSII and BEI, and 
optionally also comprising a BEIIa or BEIIb gene expressed 
in either the sense or the anti-sense orientation. 

35. A plant according to claim 3 3 or claim 34, which is a 
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36. A plant according to claim 35, which is wheat or ' 
oarley . 

37. A product produced from a plant according to any one 
or claims 33 to 36. 

5 38. A product according to claim 37, selected from the 
group consisting of whole grain, part grain, flour and 
starch , 

39. A product according to claim 37 or claim 38, which - 
a food. 



om 



10 40. A food product according to claim 39, select-d f~, 

the group consisting of unleavened breads, pasta, noodles 
breakfast cereals, snack foods, cakes, pastries, and foods 
containing flour- or starch-based sauces. 



£1 



A product according to claim 37 or claim 3 8, which 
15 not a food. 

42. A non-food product according to claim 41, selected 
from the group consisting of films, coating, adhesives, 
bua.lda.ng materials, disposable goods, and packaging 
materials . 

* 

20 43. A method of modifying the characteristics- of sta-ch 
produced by a plant, comprising the steps of: 

a) increasing the level of expression of BSIIb in 
the plant, or •' 

b) decreasin 5 -ie level of expression of BE Jib in 
25 the plant. 



is 



• A method according to claim 43, in which the olant i 
cereal plant. 



45. A method according to cla^m 4d , n ^ . 

y — m wnj.cn the olant is 

wheat or bar lev . 
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46. A method according to any one of claims 43 to 45/ in 
which the branching of the amylopectin component of starch 
is modified. 

47. A method according to any one of claims 43 to 46, in 
5 which a plant with high amylose content is produced. 

48. A method according to any one of claims 43 to 46, in 
which a plant with high amylose content is produced. 

49. A method according to any one of claims 43 to 46, in 
which a plant with low amylopectin content is produced. 

50. A method of targeting expression of a desired gene to 
the endosperm of a cereal plant, comprising the step of 
transforming the plant with a genetic construct according 
to any one of claims 11 to 23. 

51. A method of identifying a null or altered allele 
encoding an' enzyme of the starch biosynthetic pathway, 
comprising the' step of subjecting DNA from a plant: 
suspected to possess such an allele to a DNA fingerprinting 
or amplification assay which utilises at least one DNA 
probe comprising a nucleic acid molecule according to anv 

20 one of claims 1 to 10 . 

52 . An oligonucleotide probe selected from the group 
consisting of SEQ ID NOS : 11 to 17 . 
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Se<3uence of the wheat S329 (SSIIa) cDNA 

1 ACGTTGCTCC CCCTTCTCAT CGCTTCTCAA TTAATATCTC C^TCACTCGG 
51 TTCCGCGCTG CATTTCGGCC GGCGGGTTGA GTGAGATCTG GGCCACTG AC 

101 CGACTCACTC GCTCGCTGCG GGGATGGCGA CGTTCGCGGT GTCCGGCGCG ' 

151 ACCCTCGGTG TGGCGCGGCC GCCGGCGGCG GCGCAACCTG AAGAATTACA 

2 01 GATACCTGAA GACATCGAGG AGCAAACGGC TGAAGTAAAC A ^G AC AGGGG 
251 GGACTGCAGA AAAACTTGAA TCTTCAGAAC CGACTCAAGG C&TTGTGGAA 

3 01 ACAATCACTG ATGGTGTAAC CAAAGGAGTT AAGGAACTAG TCGTGGGGGA 
3 51 GAAACCGCGA GTTGTCCCAA AACCAGGAGA TGGGCAGAAA A^A^ACGAGA 
401 TTGACCCAAC GCTGAAAGAT TTTCGGAGCC ATCTTGACTA CCGA^ACAGC 
451 GAATACAGGA GAATTCGTGC TGCTATTGAC CAACATGAAG GTGG^TTGGA 
5 01 AGCATTTTCT CGTGGTTATG AAAAGCTTGG ATTTACCCGC A GTGCTG AAG 
5 51 GTATCACTTA CCGAGAATGG GCTCCTGGAG CGCATTCTGC AGCATTAGTA 
601 GGTGACTTCA ACAATTGGAA TCCGAATGCA G AT AC TATG A CC&GAGATGA 
5 51 TTATGGTGTT TGGGAGATTT TCCTCCCTAA CAATGCTGAT GG*TCCCCAG 

7 01 CTATTCCTCA TGGCTCACGT GTAAAGATAC GGATGGATAC TCCA^C^GGT 
751 GTGAAGGATT CAATTTCTGC TTGGATCAAG TTCTCTGTGC AGGCTCC^GG 

8 01 TGAAATACCA TTCAATGGCA TATATTATGA TCCACCTGAA GAGGAGAAGT 
851 ATGTCTTCCA ACATCCTCAA CCTAAACGAC CAGAGTCACT GAGGATTTAT 

9 01 GAATCACACA TTGGAATGAG CAGCCCAGAA CCGAAGATAA ATTCAT*TGC 
9 51 T AATTTT AG G GATGAGGTGC TGCCAAGAAT TAAAAGGCTT GGA^ACAATG 

1001 CAGTGCAGAT AATGGCAATC CAGGAGCATT CATACTATGC GAGCTTTGGG 

10 51 TACCATGTTA CTAATTTTTT TGCACCAAGT AGCCGTTTTG G AACTCCAG A. 

1101 GGACTTAAAA TCCCTGATCG ATAGAGCACA TGAGCTTGGT TTGCTTG^TC 

1151 TTATGGATAT TGTTCATAGT CATTCATCAA ATAATACCCT TGACGGCTTG 

12 01 AATGGTTTCG ATGGCACTGA TACACATTAC TTCCACGGTG GTCCACG^GG 
1251 CCATCATTGG ATGTGGGATT CTCGTCTATT CAACTATGGG AGTTGGGAAG 

13 01 TATTGAGATT CTTACTGTCA AACGCGAGAT GGTGGCTTGA AGAAT AT AAG 

13 51 TTTGATGGAT TTCGATTTGA TGGGGTGACC TCCATGATGT A^ACTCACCA 

14 01 TGGATTACAA ATGACATTTA CTGGGAACTA TGGCGAGTAT TTTGGAT^TG 

14 51 CTACTGATGT TGATGCGGTA GTTTACTTGA TGCTGGTCAA CGATCTAAT^ 
1501 CATGGACTTC ATCCTGATGC TGTATCCATT GGTGAAGATG TC AG^GG AA T 

15 51 GCCCACATTT TGCATCCCTG TTCCAGATGG TGGTGTTGGT TTTGACTATC 
1601 GCTTGCATAT GGCTGTAGCA G AT AAATGG A TTGAACTCCT CAAGCAAAG^ 
1651 GACGAATCTT GGAAAATGGG TGATATTGTG CACACCCTAA C AAA pp AG AAG 
17 01 GTGGCTTGAG AAGTGTGTAA CTTATGCAGA AAGTCATGAT CAAGC ACT AG 
17 51 TTGGTGACAA GACTATTGCA TTCTGGTTGA TGGATAAGGA TATG^TGAT 
1801 TTCATGGCTC TGGATAGGCC TTCAACTCCT CGCATTGATC GTGGC AT AGC 
1851 ATTACATAAA ATGATCAGGC TTGTCACCAT GGGTTTAGGT GGTGAAGGCT 
19 01 ATCTTAACTT CATGGGAAAT GAGTTTGGGC ATCCTGAATG GATAGATTTT 
19 51 CCAAGAGGTC CGCAAACTCT TCCAACCGGC AAAGTTCTCC CTGGAAATAA 
2 001 CAATAGTTAT GATAAATGCC G C C G TAG ATT TGATCTTGGA GATGCAGATT 
2 051 TTC TT AG AT A TCATGGTATG CAAGAGTTCG ATCAGGCAAT GCAGCATCTT 
2101 GAGGAAAAAT ATGGGTTTAT GACATCTGAG CACCAGTATG "TTTCACGGAA 
2151 ACATGAGGAA GATAAGGTGA TCATCTTCGA AAGAGGAGAT TTGGTATT^G 
2 2 01 TTTTCAACTT CCACTGGAGC AATAGCTTTT TTG AC T AC C G TGTTGGGTGT 
2 251 TCCAGGCCTG GGAAGTACAA. GGTGGCCTTA GACTCCGACG A ^GC ACTCTT 
2 3 01 TGGTGGATTC AGCAGGCTTG AT C ATG ATGT CGACTACTTC ACAACCGAAC 
2 3 51 ATCCGCATGA CAACAGGCCG CGCTCTTTCT CGGTGTACAC TCCGAGCAGA 
2 401 ACTGCGGTCG TGTATGCCCT TACAGAGTAA GAACCAGCAG CTGC^TGTTA 
2 451 CAAGGCAAAG AGAGAACTCC AGAGAGCTCG TGGATCGTGA GCG*AGCGAC 
2 501 GGGCAACGGC GCGAGGCTGC TCTAAGCGCC ATGACTGGGA GGGGA^CGTG 
2ibl CCTCTTCCCC AGATGCCAGG AGGAGCAGAT GGATAGGTAG CTTGT^GGTG 
2 601 AGCGCTCGAA AGAAAATGGA CGGGCCTGGG TGTT^GTCG^ GCTGCAC^AC 
2 6^1 CCTCCTCCTA TCTTGCACAT TCCCGGTTGT TTTTGTAC*^ *T* ACT* ATA 
2 701 -ATTGCCCGTG CGCTCAACGT GAACAA *~ ~~ 
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Sequence of the Starch Branching Enzyme II gene (wSBE II-D1) 

from A. tauschii 

1 AGAAACACCT CCATTTTAGA TTTTTTTTTT GTTCTTTTCG GACGGTGGGT 

51 CGTGGAGAGA TTAGCGTCTA GTTTTCTTAA AAGAACAGGC CATTTAGGCC 

101 CTGCTTTACA AAAGGCTCAA CCAGTCCAAA ACGTCTGCTA GGATCACCAG 

151 CTGCAAAGTT AAGCGCGAGA CCACCAAAAC AGGCGCATTC GAACTGGACA 

2 01 GACGCTCACG CAGGAGCCCA GCACCACAGG CTTGAGCCTG ACAGCGGACG 

2 51 TGAGTGCGTG ACACATGGGG TCATCTATGG GCGTCGGAGC AAGGAAGAGA 

3 01 GACGCACATG AACACCATGA TGATGCTATC AGGCCTGATG GAGGGAGCAA 
351 CCATGCACCT TTTCCCCTCT GGAAATTCAT AGCTCACACT TTTTTTTAAT 
401 GGAAGCAAGA GTTGGCAAAC ACATGCATTT TCAAACAAGG AAAATTAAT^ 1 
451 CTCAAACCAC CATGACATGC AATTCTCAAA CCATGCACCG ACGAGTCCAT 
501 GCGAGGTGGA AACGAAGAAC TGAAAATCAA CATCCCAGTT GTCGAGTCGA 
551 GAAGAGGATG ACACTGAAAG TATGCGTATT ACGATTTCAT TTACATAC AT 
601 GTACAAATAC ATAATGTACG CTACAATTTG TTTTTTGGAG CAGAGTGGTG 
651 TGGTCTTTTT TTTTTACACG AAAATGCCAT AGCTGGCCCG CATGCGTGCA 
7 01 GATCGGATGA TCGGTGGGAG ACGACGGACA ATCAGACACT CACCAACTGC 
7 51 TTTTGTCTGG GACACAATAA ATGTTTTTGT AAACAAAATA AATACT^ATA 
801 AACGAGGGTA CTAGAGGCCG CTAACGGCAT GGCCAGGTAA ACGCGCTCCC 
851 AGCCGTTGGT TTGCGATCTC GTCCTCCCGC ACGCAGCGTC GCCTCCACCG 
9 01 TCCGTCCGTC GCTGCCACCT CTGCTGTGCG CGCGCACGAA GGGAGGAAGA 
9 51 ACGAACGCCG CACACACACT CACACACGGC ACACTCCCCG TGGGTCCCCT 

1001 TTCCGGCTTG GCGTCTATCT CCTCTCCCCC GCCCATCCCC ATGCACTGC* 

10 51 CCGTACCCGC CAGCTTCCAC CCCCGCCGCA CACGTTGCTC CCCCTTCTCA 

1101 TCGCTTCTCA ATTAATATCT CCATCACTCG GGTTCCGCGC TGCAT^TCGG 

1151 CCGGCGGGTT GAG TG AG AT C TGGGCGACTG GCTGACTCAA TCACT&CGCG 

12 01 GGGATGGCGA CGTTCGCGGT GTCCGGCGCG ACTCTCGGTG TGGCG^GGGC 

12 51 CGGCGTCGGA GTGGCGCGGG CCGGCTCGGA GCGGAGGGGC GGGGCGGACT 

13 01 TGCCGTCGCT GCTCCTCAGG AAGAAGGACT CCTCTCGTAC GCCTCGCTCT 
13 51 CTCGAATCTC CCCCGTCTGG CTTTGGCTCC CCTTCTCTGT CCTCTGCGCG 
1401 CGCATGGCCT GTTCGATGCT GTTCCCCAAT TGATCTCCAT GAGTGAGAGA 
1451 GATAGCTGGA TTAGGCGATC GCGCTTCCTG AACCTGTATT TTTTCCCCCG 
15 01 CGGGGAAATG CGTTAGTGTC AGCCAGGCCC TGGTGTTXCC ACGGCTTTGA 

15 51 TCATTCCTCG TTTCATTCTG ATATATATTT TCTCATTCTT TTTCTTCCTG 

16 01 TTCTTGCTGT AACTGCAAGT TGTGGC GTTT TTTCACTATT GTAGTCA^CC 
1651 TTGCATTTTG -CAGGCGCCGT CCTGAGCCGC GCGGCCTCTC CAGGGAAGGT 

17 01 CCTGGTGCCT G AC GGCG AG A GnGACGACTT GGCAAGTCCG GCGCAACCTG 

17 51 AAGAATTACA GGTACACACA CTCGTGCCGG TAAATCTTCA TACAATCGTT 

18 01 ATTCACTTAC CAAATGCCGG ATGAAACCAA CCACGGATGC GTCAGGTTTC 

18 51 GAGCTTCTTC TATCAGCATT GTGCAGTACT GCACTGCCTT GT^CATT^TG 

19 01 TTAGCCTTGG CCCCGTGCTG GCTCTTGGGC G AC TGAAAAA ATCAGATGGA 
19 51 TGTGCATTCT AGCAAGAACT TCACAACATA ATGCACCGT-T TGGGGTTTCG 
2 0 01 TCAGTCTGCT CTACAATTGC TATTTTTCGT G C TGT AG ATA CCTG^^GA^A 
2 051 TCGAGGAGCA AACGGCGGAA GTGAACATGA CAGGGGGGAC TGCAGAGAA A 
2101 CTTCAATCTT CAGAACCGAC- TCAGGGCATT GTGGAAACAA TCACTGATGG 
2151 TGTAACCAAA GGAGTTAAGG AACTAGTCGT G GGGGAG AAA CCGCGAGTTG 
2 2 01 TCCCAAAACC AGGAGATGGG CAGAAAATAT ACGAGATTGA CCCAAC»CTG 
2 2 51 AAAG ATTTTC GGAGCCATCT TGACTACCGG ' TAATGCCTAC CCGCTGCTTT 
2 3 01 CGCTCATTTT GAATTAAGGT CCTTTCATCA TGCAAATTTG GGGAACATCA 
2 3 51 AAGAGACAAA GACTAGGGAC CACCATTTCA TACAGATCCC TTCGTGGTCT 
2 401 GAGAATATGC TGGGAAGTAA ATGTATAATT GATGGCTACA ATTTGCTCAA 
2 451 AATTGCAATA CGAATAACTG TCTCCGATCA TT AC AATTAA AGAGTGGCAA 
2 5 01 ACTG ATG AAA ATGTGGTGGA TGGGTTATAG ATTTTACTTT GCTAATTCCT 
2 5 51 C TACC AAATT CCTAGGGGGG AAATCTACCA GTTGGGAAAC T^AGTTTCTT 
2 6 01 ATCTTTGTGG CCTTTTTGTT TTGGGGAAAA CACATTGCTA A a^CGAATG 
2 6 51 ATTTTGGGTA TACCTCGGTG GATTCAACAG ATACAGCGAA TACAAGAGAA 
2 701 TTCGTGCTGC TATTGACCAA CATGAAGGTG GATTGGAAGC ATTTTC TC GT 
2 7 51 GGTTATGAAA AGCTTGGATT TACCCGCAGG TAAATTTAAA GCTTTA'^A'T 
2 8 01 TATG AAACGC CTCCACTAGT CTAATTGCAT ATCTTATAAG AAAATT'T'A^A 
2 8 51 ATTCCTGTTT TCCCCTCTCT TTTTTCCAGT GCTGAAGGTA TCGTCTAA^T 
2 9 01 GCATATCTTA TAAGAAAATT TAT ATT C C T G 'TTTTCCCCTA TTTTCCAGTG 

2 9 51 CTGAAGGTAT CACTTACCGA GAATGGGCTC CCTGGAGCGC ATGTTATGTT 

3 001 CTTTTAAGTT CCTTAACGAG ACACCTTCCA ATTTATTGTT A A^GGTCACT 
3 0 51 ATTCACCAAC TAGCTTACTG GACTTACAAA TTAGCTTACT GAATACTGAC 
3 101 CAGTTACTAT AAATTTATGA TCTGGCTTTT GCACCCTGTT AC AGTC TGC A 
3151 GC ATT AG TAG GTGACTTCAA CAATTGGAAT CCAAATGCAG £T*CTATG AC 
3 201 CAGAGTATGT CTACAGCTTG GCAATTTTCC ACCTTTGCTT CA^AACTACT 
3 2 51 GATACATCTA TTTGTATTTA TTTAGCTGTT TGCACATTCC TT AAAGTTG A 
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3 3 01 GCCTCAACTA 

3 3 51 TC AG C C C AAA 

3 4 01 GAGTAT ATTA 

3451 TGTGCTTTTC 

3 501 TGCTCCTATT 

3 5 51 TGTTTGGGAG 

3 5 01 CTCATGGCTC 

3 651 TAG CATTTTC 

3 7 01 TAGAT ACGGA 

3 7 51 GATCAAGTTC 

3 8 01 ATTATGATCC 

3 851 TGAAATTTCC 

3 9 01 GAGTCAAGAC 

3 951 CTTCTAAGGG 
40 01 TGTGACAT AA 
40 51 ATTCCATTTT 
4101 TGC AGGAGAA 
4151 AAGG ATTTAT 

42 01 TTATTTCACC 
4251 CTGTTATGTA 

4 3 01 ATTTTATTTT 

43 51 CTTTGTCTGC 
4 401 GGCAGTGGGC 
4451 TTAT ATGAAT 
4 501 TACTAGCTTA 
4551 GTCTCCAGCA 
4 601 GGGGGGGGGG 
4651 CCATTGTTCT 
47 01 TAT AG TTAAT 
47 51 CTAAT ATATA. 
4 801 GTGTGATCTT 
4 8 51 A.TGAGGTGTT 

4 901 ATGGCAATCC 

49 51 TCCATTTTTT 

5 001 TAATGCTTCA 

50 51 TAG T AC AAC T 
5101 TGGCTTGTTC 
5151 TTTGGAACTC 
5 2 01 TGGTTTGCTT 

52 51 ATTTT AGC TG 

53 01 ATTATGATAC 

53 51 TCTAGAGTGG 
5401 ATTTTCC CAT 

54 51 TAT ATAATTG 
5 5 01 TGGAC ATGAA 
5 5 51 TATCGTTTTG 
5 601 AGTTCAGATG 
5 6 51 CT AC AT AT AG 
57 01 GTGGCCAGGC 
5 7 51 AATTCATTTG 
5 8 01 TTCTTTAAGT 
5 8 51 C C AAATT AC T 

5 9 01 TCTTTGATGT 
5951 TAGAGAAGTT 

6 001 GAGGGAACAT 
6 051 CAGACCTTGT 
6101 TGCTTTCATA 
6151 TTTGGTTG AT 
6 201 CCTGCAGTCA 
6251 GG C AC TG ATA 
6 3 01 GTC-GGATTCT 
6 3 51 ACTTCTGTC A 
64 01 A TG T T G AT AT 
6 4 51 CG AGATGGTG 
6 501 GTGACCTCCA 
6 5 51 GGTTTCAGTA 
6 501 ATGTATC ATG 
6 6 51 ATGCTTGTAC 
6 7 01 TTATTTATTT 



CATCATATCA 

GATTCTACTG 

AGGATGAATG 

CATCTACAAT 

GATGCAGATA 

ATTTTCCTCC 

ACGTGTAAAG 

GAACTCTGCC 

TGGATACTCC 

TCTGTGCAGG 

ACCTGAAGAG 

AGTGTTACAG 

AATACTTTTG 

C TAAGGGGC A 

GATCTTATAG 

GGCCTTTTGT 

GTATGTCTTC 

GAATCACACA 

TGTTTCTGGT 

CTGTTAACAT 

CTAATGTCTT 

TTGTTCTTTT 

ATGTGAAAGT 

TCCATTGTTG 

AGATTTCCCA 

AGCCATTTCC 

GGGGGTTCCC 

GAGGTGTACG 

TC TTTGTAAC 

CTATCATCAC 

GCACAGGAAC 

GCCAAGAATT 

AGGAGCATTC 

TCTGTATACA 

TGCACATAAA 

ACACTTAGTA 

CAGGTACCAT 

CAGAGGACTT 

GTTCTTATGG 

TTTTACTGTT 

ATTGTCAAAA 

CATAAGGAAA 

CCTAAATGGC 

TGCTACGTGA 

ATGTATTTGG 

TAATGGCAAC 

CTATCAATAG 

TTTGCAAGTT 

CCCACTTGCC 

AAC AT ATT A C 

TTGACCAAGT 
TTG A.T C AG AT 
TGTAGATATC 
TGACTTAGGA 
CAAATAATAT 
CACCATATAT 
TTTATGTGTT 
TCTATTTCAG 
TTCGTCAAAT 
C AC ATT AC TT 
CGTCTATTCA 
C C AT ATTTGG 
TCTATTCTTA 
GCTTG.a_A.GAA 
TGATGTATAC 
ACTTTTTTAG 
ATCAGGACTT 
AATTTTACCT 
TCTTTCTAAG 



AAATGGTATA 

AATTTAGTCC 

AATACGTGCA 

GAGCATATTT 

TTTGATATGG 

C T AAC AAC G C 

GTAAGCTGGC 

TACTAAGGGT 

ATCCGGTGTG 

CTCCAGGTGA 

GTAAGTATCG 

TTTTTTAATA 

AATTTGGAAG 

ACCAACCTTG 

CTCTTTTATG 

GACCATTTAC 

CAACATCTCA 

TTGGAATGAG 

CTGATGGTTT 

A.TT AC ATGGT 

CATATTGGCA 

GTCTTCTGTA 

CATATCTATT 

TTGCAATAGC 

CTTAGGATGT 

TACCTTATTA 

TTCATTATTC 

TACTGCAGGG 

CTACTTGGAA 

AATACTTAGA 

CGAAGATAAA 

AAAAGGCTTG 

ATACTA.TGCA 

CnTCTTCACC 

A.TATTTGGAT 

TTCTGAnnAA 

GTTACTAATT 

AAAATCCTTG 

ATATTGTTCA 

TATCTGGTAT 

GCTAAGAGTG 

ATTGGCAAAA 

AGGGCCCTAT 

CTTCTTTTTT 

TACATGTAGT 

ACAATTTGAT 

AATTAATCAA 

GGAAAACTGA 

AGCTTCATAC 

TTAAAGTTCT 

CTATTGGAAA 

TAACAATTTT 

AGC AC ATTTT 

CAAATCTAGA 

AGATAGATGT 

GCATCAGACC 

TGTAC CTAAT 

TTGCATTGCT 

AATACCCTTG 

CCACGGTGGT 

ACTATGGGAG 

CTAACTGTTC 

TGC AG GT ATT 

TATAAGTTTG 

TCACCATGGA 

G G C AC T G AAA 

GTGCTACGGA 

GATGAGATCA 

TTTGTTTCTT 



ATTTGTCAGT 

ATCTTTTTGA 

ACACTCCCAT 

CCATGCTATC 

TCTTTTCAGG 

TGATGGATCC 

CAATTATTTA 

CCCTTTTCCT 

AAGGATTCAA 

AATACCTTTC 

AT CT AC ATT A 

CCCACTTCTT 

TGACATATGC 

GTGATGTGTG 

TGTTCTCTGT 

TAAGGATATT 

ACTAAACGAC 

CAGCCCGGTA 

ATTCTATGGA 

GCATTCACTT 

AGTGCAAAAC 

AGATTTCCAT 

TTTTTTTTGT 

TCGGTATAAT 

AAGAAATATT 

ATGAGAGAGA 

TGCGAGCGAT 

ATCTCCCATT 

ACTTGAGTCT 

GGATGCATCT 

TTCATATGCT 

GATACAATGC 

AGCTTTGGGT 

CATTTGGAGC 

ATAATCCTTT 

nAAGATCATT 

TTTTTGCACC 

AT CG AT AG AG 

TAGGTAATTA 

TCTAAAGGGA 

GCGAAAGTGA 

ACTAGAGTGG 

CGCCGAATAT 

CTCAGATGTA 

AAACTGACAG 

GC CAT AG ATG 

CTGGCCATGT 

CAGCAATACC 

TAGATGTTAC 

TCATTTGTCC 

ATATATCAAC 

TATTTTATTA 

TCTATAGACT 

ACTTCAATCA 

CAACACTTCA 

ATCTGTTTGC 

CTACTTTTCC 

TCATCAATGA 

ACGGTTTGAA 

CCACGCGGCC 

TTGGGAAGTA 

CTGTTAATCT 

GAGATTCTTA 

ATGGATTTCG 

TTACAAGTAA 

CAATTGCTAT 

GTCTTAGATA 

TGGAAGATTG 

GTTCTAGATG 



GTCTTAAGCT 

GATTGAAAAT 

CTGCATTATG 

AGTGAAGGTT 

ATG ATT ATG G 

TCAGCTATTC 

GTCGAGGATG 

CTCTGTTTTT 

TTTCTGCTTG 

AATGGCATAT 

CATTATTAAA 

ACTGACA.TGT 

ATTAATTCAC 

TATGCTTGTG 

TGGTTAGGAT 

T AC ATG C AAA 

CAGAGTCACT 

TGTCAATAAG 

TTTTCTAGTT 

GACAACCTCG 

TTTGCTTCCT 

TGC ATTTGG A 

CAGAGCATAG 

G T AAC C AT G T 

GCATTGGAGC 

GACAAGGGGG 

TCAAAAACTT 

ATGAAGAGGA 

TGAGGC ATC G 

GAAnATTTTA 

AATTTTAGGG 

AGTGCAGATA 

ATTCACACAA 

TATTACATCC 

ATTAGATATA 

TTATTGTTGT 

AAGTAGCCGT . 

CACATGAGCT 

GTCCAATTTA 

AATTCAGGC A 

AATGTCAAAA 

CAAAAATAAA 

TTTTCCATTC 

TTAAACCAGT 

TTCCATAGAA 

TGGATTGAGA 

ACTCGTGGCA 

TCACTGATAA 

TTCCCTGTTG 

TAAGTCAAAC 

ATC T AC AAC A 

T ATT AGC AC A 

TGGTCAAATA 

ATTTGG ATC A 

AC AAAAAAAT 

TTTAGCCACT 

TTCTACTTGG ' 

TTTTGTGTAC 

TGGTTTCGAT 

ATCATTGGAT 

TGTAGCTCTG 

GTTCTTACAC 

CTGTCAAACG 

ATTTGATGGG 

GTCATCAAGT 

GCATCATAAC 

GTTCCCTAGT 

GAAGTGATTA 

ACATTTACTG 
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67 51 GGAACTATGG CGAATATTTT GGATTTGCTA CTGATGTTGA TGCGGTAGTT 

63 01 TACTTGATGC TGGTCAACGA TCTAATTCAT GGACTTTATC CTGATGCTGT 

6851 ATCCATTGGT GAAGATGTAA GTGCTTAGAG TATTTATGAT TTTT A ACTAG 

69 01 TTAAGTAGTT TTATTTTGGG GATCAGTCTG TTACACTTTT TGTTAGGGGT 

69 51 AAAATCTCTC TTTTCATAAC -AATGCTAATT TATACCTTGT ATGATAATGC 

7 0 01 ATCACTTAnG TAATTTGAAA AGTGCAAGGG CATTCAAGCT TACGAGCA^A 

7 0 51 TTTTTTGATG GCTGTAATTT ATTTGATAGT ATGCTTGTTT GGGTtW^CA 

7101 ATAAGTGGGA GTGTGTGACT AATGTTGTAT TATTTATTTA ATTGCGGAAG 

7151 AAATGGGCAA CCTTGTCAAT TGCTTCAGAA GGCTAACTTT GATTCCA^AA 

72 01 ACGCTTTGGA AATGAGAGGC TATTCCCAAG GACATGAATT ATACTTCAG^ 

72 51 GTGTTCTGTA CATGTATTTG TAATAGTGGT TTAAC TT AAA TTCCTGC ACT 

73 01 GCTATGGAAT CTCACTGTAT GTTGTnAGTG TACACATCCA CAAACAAGTA 

73 51 ATCCTGAGCT TTCAACTCAT GAGAAAATAn GAnGTCCGCT TCTGCCAGCA 

74 01 TTAACTGTTC ACAGTTCTAA TTTGTGTAAC TGTGAAATTG TTC a GGTC AG* 

74 51 TGGAATGCCT ACATTTTGCA TCCCTGTTCC AGATGGTGGT GTTGG^T^G 
7^01 ACTACCGCCT GCATATGGCT GTAGCAGATA AATGGATTGA ACTCCTCAAG 

75 51 TAAGTGCAGG AATATTGGTG ATTACATGCG CACAATGATC TAGAT^ACAT 
7 601 TTTCTAAATG GTAAAAAGGA AAATATGTAT GTGAATATCT AgYcATTTGC 
76b 1 CTGTTATCAG CTTGAATACG AGAAGTCAAA TACATGATTT AAJ^AGCAAA 

77 01 TCTCGGAAAT GTAATGGCTA GTGTCTTTAT GCTGGGCAGT GT AC ATTGCG 
7 7 51 CTGTAGCAGG CCAGTCAACA CAGTTAGCAA TATTTTCAGA AACAATATT* 
7 8 01 TTTATATCCG TATATGAnGA AAGTTAGTAT ATAAACTGTG GTCATTAATT 

78 51 GTGTTCACCT TTTGTCCTGT TTAAGGATGG GCAGTAGGTA ATAAA^TTAG 
7 9 01 C C AG ATAAAA TAAATCGTTA TTAGGTTTAC AAAAGGAATA TACAGGGTCA 

7 9 51 TGTAGCATAT CTAGTTGTAA TTAATGAAAA GGCTGACAAA AGGCTCGGTA 

8 001 AAAAAAACTT TATGATGATC CAGATAGATA TGCAGGAACG CG ACT AAAGC 
8 051 TCAAATACTT ATTGCTACTA CACAGCTGCC AATCTGTCAT GATCTGTGTT 
8101 CTGCTTTGTG C TATTT AG AT TTAAATACTA AC TC GAT AC A ^TCGC* A^AA 
8151 TAAAC TTAAC TATTCAACCA ATTTGGTGGA TACCAGAnAT TTCTGCCCTC 
8 2 01 TTGTTAGTAA TGATGTGCTC CCTGCTGCTG TTCTCTGCCG TTACAAA aQC 

82 51 TGTTTTCAGT TTTTTGCATC ATTATTTTTG TGTGTGAGTA GTTTAAGCAT 

83 01 GTTTTTTGAA GCTGTGAGCT GTTGGTACTT AATACATTC^ TGGAAGTGTC 

83 51 CAAATATGCT GC AG TGTAAT TTAGCATTTC TTTAACACAG GC AAAGTGAC 
I ^ES TTGGA AAATGGGCGA TATTGTGCAC ACCCTAACAA ATAGAAGGTG 

84 51 GCTTGAGAAG TGTGTAACTT ATGCAGAAAG TCATGATCAA GCACTAGTTG 
8 5 01 GTGACAAGAC TATTGCATTC TGGTTGATGG ATAAGGTAC* 71 *GCTGTTACT 
8 551 TTTGG ACAAA AGAATTACTC CCTCCCGTTC CTAAATATAA GTCT^TGTAG 

86 01 AGATTCCACT ATGGACCACA TAGTATATAG ATGCATTTTA G AGTGT a GAT 
8 6 31 TCACTCATTT TGCTTCGTAT GTAGTCCATA GTGAAATCTC TACAGAG ACT 
8 7 01 TATATTTAGG AACGGAGGGA GTACATAATT GATTTG^CTC ATCAGATTGC 

87 51 TAGTGTTTTC TTGTGATAAA GATTGGCTGC CTCACCCATC ACCAGCTATT 
8 3 01 TCCCAACTGT TACTTGAGCA GAATTTGCTG AAAACGTACC ATGTGGTACT 
8 3 5± GTGGCGGCTT GTGAACTTTG ACAGTTATGT TGCAATTTTC TG^TCTTA^T 

8 9 01 TATTTGATTG CTTATGTTAC CGTTCATTTG CTCATTCCTT TCCGAGACCA 

89 51 GCCAAAGTCA CGTGTTAGCT GTGTGATCTG TTATCTGAA^ CT^GAGCAAA 

9 0 01 TTTTATTAAT AGGCTAAAAT CCAACGAATT ATTTGCTTGA AT^TAAATAT 

90 51 ACAGACGTAT AGTCACCTGG CTCTTTCTTA GATGATTACC ATAGTGCCTG 
9101 AAGGCTGAAA TAGTTTTGGT GTTTCTTGGA TGCCGCCTAA AGG^GTGA^T 
9151 TTTATTGGAT AGATTCCTGG CCGAGTCTTC GTTACAAC^ AACATTT^GG 
9 2 01 AGATATGCTT AGTAACAGCT CTGGGAAGTT TGGTCACAAG TC^GCATCTA 

92 51 CACGCTCCTT GAGGTTTTAT TATGGCGCCA TCTTTGTAAC TAGTGGC ACC 

93 01 TGTAAGGAAA CACATTCAAA AGGAAACGGT CACATCATTC TAATCAGGAC 
9 3 51 C AC CAT AC T A. AGAGCAAGAT TCTGTTCCAA TTTTATGAGT T^TTGGGACT 
9401 CCAAAGGGAA CAAAAGTGTC T C AT AT T G T G C TT AT AAC T A CAGTTGTTTT 
9451 TATACCAGTG TAGTTTTATT CCAGGACAGT TGATACTTGG ^ACTG^GCTG 
9 5 01 TAAATTATTT ATCCGACATA GAACAGCATG AACATATCAA GC^CTCTTTG 
9d51 TGCAGGATAT GTATGATTTC ATGGCTCTGG ATAGGCTTCA ACTCPTCGCA 
9 601' TTGATCGTGG CATAGCATTA CATAAAATGA TCAGGCTTGT CACC^GGGT 
9o51 TTAGGTGGTG AAGGCTATCT TAACTTCATG GGAAATGAGT TTGGGC^CC 
97 01 TGGTCAGTCT TTACAACATT ATTGCATTCT GCATGATTGT GATTTACTGT 
97 51 AATTTGAACC ATGCTTTTCT TTCACATTGT ATGTATTA^G T a ATCTGTTG 
9 8 01 CTTCCAAGGA GGAAGTTAAC TTC TATTTAC TTGGCAGA AT GGATAGATTT 
9 8 51 TCCAAGAGGC CCACAAACTC TTCCAACCGG CAAAGTTCTc CCCTGgVUt 
9 9 01 AACAATAGTT ATG AT AAATG CCGCCGTAGA TTTGATCTTG TAAGT^Trtr 
9 9 51 CTGTGCTATT ACATTCCCTC ACTAGATCTT TATTGGC C AT mTTTCTTr 

10001 ATGAAATCAT AATGTTTGTT AGGAAAGATC AACaTTGCT^ TTGTAGTT^T 

100 51 GTAGACGTTA ACATAAGTAT GTGTTGAGAG TTGTTG^CA TT AAAAAT A T 

10101 CATGATTTTT TGCAGGGAGA TGCAGATTTT CTTAGATATC GTCGT^TGCA 

}r,V£ ^-GAGTTCGAT CAGGCAATGC AGCATCTTGA GGAAAAATAT GGGGTATCTC 

1020± ACTGGTTTGT CTTTGTTGCA TAACAAGTCA CAGTTTAACG TC A GTCTCTT 
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10251 CAAGTGGTAA AAAAAG TG T A GAATTAATTC CTGTAATGAG ATGAAAACTG 

103 01 TGCAAAGGCG GAGCTGGAAT TGCTTTTCAC CAAAACTATT TTCTTAAGTG 
10351 CTTGTGTATT GATACATATA CCAGCACTGA CAATGTAACT GCAGTTTATG 

104 01 ACATCTGAGC ACCAGTATGT TTCACGGAAA CATGAGGAAG ATAAGGTGAT 
104 51 CATCCTCnAA AAGAGGAGAT TTGGTATTTG TTTTCAACTT CCACTGGAGC 
10501 AATAGCTTTT TTGACTACCG TGTTGGGTGT TCCAAGCCTG GGAAGTACAA 
10551 GGTATGCTTG CCTTTTCATT GTCCACCCTT CACCAGTAGG GTTAGTGGGG 
10601 GCTTCTACAA CTTTTAATTC CACATGGATA GAGTTTGTTG GTCGTGCAGC 

106 51 TATCAATATA AAGAATAGGG TAATTTGTAA AGAAAAGAAT TTGCTCGAGC 

107 01 TGTTGTAGCC ATAGGAAGGT TGTTCTTAAC AGCCCCGAAG CACATACCAT 
10751 TCATTCATAT tATCTACTTA AGTGTTTGTT TCAATCTTTA TGCTCAGTTG 
10801 GACTCGGTCT AATACTAGAA CTATTTTCCG AATCTACCCT AACCATCCTA 
10 851 G C AG TTT TAG AGCAGCCCCA TTTGGACAAT TGGCTGGGTT TTTGTTAGTT 
10 901 GTGACAGTTT CTGCTATTTC TTAATCAGGT GGCCTTGGAC TCTGACGATG 
10951 CACTCTTTGG TGGATTCAGC AGGCTTGATC ATGATGTCGA CTACTTC AC A 
11001 ACCGTAAGTC TGGGCTCAAG CGTCACTTGA CTCGTCTTGA CTCAACTGCT 
11051 TACAAATCTG AATCAACTTC CCAATTGCTG ATGCCCTTGC AGGAACATCC 
11101 GCATGACAAC AGGCCGCGCT CTTTCTCGGT GTACACTCCG AGCAGAACTG 
11151 CGGTCGTGTA TGCCCTTACA GAGTAAGAAC CAGCAGCGGC TTGTTACAAG 
11201 GCAAAGAGAG AACTCCAGAG AGCTCGTGGA TCGTGAGCGA AGCGACGGGC 

112 51 AACGGCGCGA GGCTGCTCCA AGCGCCATGA CTGGGAGGGG ATCGTGCCTC 

113 01 TTCCCCAGAT GCCAGGAGGA GC AG ATGG AT AGGTAGCTTG TTGGTGAGCG 
113 51 CTCGAAAGAA AATGGACGGG CCTGGGTGTT TGTTGTGCTG- CACTGAACCC 
11401 TCCTCCTATC TTGCACATTC CCGGTTGTTT TTGTACATAT AACTAA^AAT 
11451 TGCCCGTGCG CTCAACGTGA AAATCC 
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DMA • sequence of ZNTRON 5 PCR Fr 



D genome 
A genome 
B genome 
262bD 



D genome 
A genome 
B genome 
262bo 



D genome 
A genome 
3 genome 
262bp 



D genome 
A genome 
B genome 
252h-o 



D genome 
A genome 
B genome 
262bp 



50 

ATCACTTACC GAGAATGGGC TCCT . GGAGC GCATGTATGT CTTT . 
ATCACTTACC GAGAATGGGC TCCT . GGAGC GCATGTACGT CTTT 

ATCACTTACC GAGAATGGGC TCCT . GGAGC GCATGTAC 

ATCACTTACC GAGAATGGGC TCCTGNGAGC ANATGTATGT TCTTCTGACT 

. . -TAAGTCT TAACAGACAC CTTCCAATTT ATTGTTAATG GT . . CA.CTAT 

. . . TAAGTCT TAACAGACAC CTTCCAATTC ATTGTTAATG GTCACACTAT 

GTCT TAACAGACAC CTTCTAATTT ATTGTTAATG GT . . C ACT AT 

GTCTGATCGT TTACCTGACT AT AC TAATTC TATCTTTCAA CTGCTTGTGA 

101 150 

TCACCAACTA GCTTACTGGA CTTAC AAATT AGCTTACTGA AT ACTGACC A 

TCACCAACTA GCTTACTGGA CTTAC AACTT AGCTTACTGA ATACTGACCA. 

TCACCAACTA GCTTACTGGA CTTACAAAAT AGCTTACTGA ATACTGACCA 

ATAATTAGTG CTCATCTGCT ATCCTAAGGT TGGGGATTTT GCACTTCCCA * 

GTTA CT ATAAATTTAT GATCTGGCTT 

GTTG CT CTAAATTTAT GATCTGGCTT 

GTTA CT CTAAATTTAT GATCTGGCTT 

GATGAACAGC ATATTAAGTT GCACAACTAN CTTTATTTAA GAACTAACTC 

201 250 

TTGCACCCTG TTACAGTCTG CAGCATTAGT AGGTGACTTC AACAATTGGG 

TTGCATCCTG TTACAGTCTG CAGCATTAGT AGGTGACTTC AACAA^TGGA 

TTGGATCCTG ■ TTACAGTCTG CAGCATTAGT AGGTGACTTC AACAATTGGA 

TTGCTTCCAA TTGCAGTCTG CAACATTAGT TGGCGACTTC AACAATTGGA 



D genome 
A genome 
B genome 
2 5 2 bo 



251 262 
ATCCAAATGC AG 
ATCCAAATGC AG 
ATCCAAATGC AG 
ATCCAAATGC AG 
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Comparison of Universal 262 bp Sequence with the Wheat Branching Enzyme lib Gene 



FILE NAME 



-5 



14 



24 



34 



44 



54 



2 62bp 
WBEII3 



ATCACTTACCGAGAATGGGCTCCTGNGAGCANATGTATGTTCTTCTGACTGTCT 

1 1 II I i I II 1 1 1 1 1 II II 1 1 1 1 1 1 1 I II I II 1 1 1 M 1 1 1 1 1 r 1 1 III 

GAAGGTATCACTTACCGAGAATGGGCTCCTGG- AGCAGATGTACGTTCTTCTAA.CC A.TCT 
2010 2019 2029 2039 2049 2059 2069 



FILE NAM] 
2 S2bp 

W3EII3 



55 64 74 84 94 104 114 

GATCGTTTACCTGACTATACTAATTCTATCTTTCAACTGCTTGTGAATAA.TTAGTGCTCA 

II I I I MM I III II MIMMMI IliMi! i Ml M MMMMIMM I I 1 1 I I 

GATCGTTTACCTGACTATACTAATTCTATCTTTCA-ACTAATTGTGAATAATTACTGCTCA. 
2070 2079 2089 2099 2109 2119 2129 



FILE nam: 
2 6 2bp 

W3EII3 



115 124 134 144 154 164 174 

TCTGCTATCCTAAGGTTGGGGATTTTGCACTTCCCAGATGAACAGCATATTAAGTTGCAC 

II I II I II II I III II II Ml II Ml I II I I II II II II Mil Till I I INI III! 

TCAGCTATCCTAAGGTTGGGGATTTTGCACCTCCCAGATGAACAGCATA.TTAAGTCGCAC 
2130 2139 2149 2159 2169 2179 2189 



FILE nam: 
2 62bp 

W3EII3 



175 184 194 204 214 224 234 

AACTANCTTTATTTAAGAACTAACTCTTGCTTCCAATTGCAGTCTGCAACATTAGTTGGC 

Mill I Mill I M M II II I II III MM II MMMMIMM II 1 1 1 1 1 1 1 1 i 

AACTA.GC ATTATT - AAGA.ACT AACTCCTGC TTC C AATTGC AGTCTGG AGC ATT AGTTGGC 
2190 2199 2209 2219 2229 2239 2249 



FILE nam: 
262bp 

W3EII3 



235 244 254 264 274 
GACTTCAACAATTGGAATCCAAATGCAG 

II 1 1 1 1 M I M II 1 1 I II MM II M I 

GACTTCAACAATTGGGATCCAAATGCAGACCATATGAGCAAAG 
2250 2259 2269 2279 2289 
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Partial Secjuence of the A. tau.sch.ii 

1 GGATCCGATC CGGCTGCGGC GGCGGCGACG 
61 CGGCGGGGCT GGCCCGGCCG TCGGCTCCTC 
121 GGGTGGAGCT GCAGTCGCCA TCGCTGCTCT 
181 GTAATTATTT GCGCCACCTT TCTCACTCAC 

2 41 TTCGCCGACG ACGCGTGCCG ATTCCGTATC 

3 01 TTCCCTCCTG GTGTGGTGAT GTCTGTAGGT 

3 61 GTGGTCATGC GCGCGGGGGG GCCGTCCGGG 

4 21 GGAACACCGC CTTCCATCGA CGGTCCCGTT 

4 81 TTTTTTTTGC ATCGATCTGA AGGTACTTGA 

5 41 CTGCCACCAT ATTTTTATGG TTCGCTTGAA 

6 01 TCATTGAGAC GTCGGACGAA ATTCACTGAA 

6 61 TACTACTCCT TCCGTCCCAT AATATAAGAG 
721 GGGAGTACCT TTTAGGTCAA AATATTGTGG 

7 81 TTTTTTTTAA AAAAAAATCA AC T AATTGGT 

8 41 GGCTGAGATG TAAACCGAAA TCACTGAAAT 

9 01 AACTCAAAAT CTGCTATCCG GCGAAATTCT 
9 61 AGTACACCCT CTTTCTAATT TATTGGGGAA 

10 21 GCATGACAAT TGAAATCTAA GACAAAACAC 
10 81 TTTACAACTA TGTGTGCCAC AGTTCGTCTG 
1141 CCATTCATTG ATGATGAAAC AAGCCTACAG 
12 01 GAGACAAATC AGGTTAGTGA AGAAATTGAT 

12 61 TCATCTACGA GGGAGAAATT ACGCATTCTG 

13 21 G AGATTG AC C CAACGCTCCG AGACTTTAAG 

13 81 CTATTGTGTG C AC TTTAAAA ACAATTTACA 

14 41 TGTGACACGA AACTCTTGAA GTTCGTAGTC 

15 01 ATGGTAACCG AACAAAAATA GGAAAGTGGC 

15 61 CCCATTGTAA TTGGGTACAC TGATTAATAT 

16 21 ATATCTATGC CAATTGAACA ACAATGCTTT 

16 81 TATCAATAGA TGATATGCAT ACTCATGCGT 

17 41 TTTCCCCCGT GTTGCTTTTG TAAGGATGAA 

18 01 AGTCTAACTG TGCCTTAATG GATCAAAAAC 

18 61 GACATTGATG AACACGAAGG AGGCATGGAT 

19 21 TTTATGCGCA GGTGAAATTT CTTGAC TAAA 
19 81 TATCAACATT CCTCTTCCCA TGCAGCGCTG 
2 041 GAGCAGATGT ACGTTCTTCT AAC CAT CTG A 
2101 TCAACTAATT GTGAATAATT ACTGCTCATC 
2161 CCCAGATGAA CAGCATATTA AGTCGCACAA 
22 21 CAATTGCAGT CTGCAGCATT AGTTGGCGAC 

22 81 ATGAGCAAAG TATGCATGTA GTTTCACAAA 

23 41 TTTAGATCGG CTTATCTATT TAAATGTGGT 
2 4 01 GTAAATATAG TTGGAAGTGT TTAGGAGTAT 

24 61 CCTGTTGCAC GAGCCCATTA CTAGATATCA 
2 521 GAAGTGAAAC ATGCATGTTA CCCTTTTATA 
2581 TCTAAACATT ATTTACTGAT TTTGTTCTTG 
2 6 41 GCGTTGGAGC AGGCCGACTG CACATCTGAA 
27 01 AAATGCTCAT ATTCAATGTA ACTGTTTTCA 
27 61 GCCAAACAAT GCAGATGGTT CGCCACCAAT 
2 821 CTTCTCCTTG CCAACGGTGT TAGGCTCAGG 
2 8 81 TGAACATCTA GGTGAGAATG GATACTCCAT 

2 9 41 TCAAGTACTC CGTGCAGACT CCAGGAGATA 
30 01 CCGAAGAGGT ATTTTACTTC ATCTTCTGTG 

3 061 AAAATTATGA TTTTTTCCCT CACGAACCTT 
3121 TTTGCTGCTG GCATCTTATT TTTCTATTCT 
3181 ATGCAGGAGA AGTATGTATT CAAGCATCCT 
3 241 TATGAAACAC ATGTTGGCAT GAGTAGCCCG 
3 3 01 TGAAGTT AG C TATATGCAGT TCAAATTTAT 
33 61 TGGTGCCCTT CTTTCGTTTT ATAAGTAAAA 
3 421 TTGGTTAATA CAATCTGAAA AATGTAACTG 
3 481 TGAAAAAACA TGCTGGAATA GTGTCATTTC 
3 541 GAAGTACTAG TGTGTAGCAT CAAAAGCTGG 
3 601 TAT AG TG AAA ACAAGTAATT GCACAAAGAA 



Branching Enzyme lib gane 

GGATGGCTGC GCCGGCATTC GCAGTTTCCG 
GATCCGGCGG GGCAGAGCGG AGGGGGCGCG 
TCGGCCGCAA CAAGGGCACC CGTTCACCCC 
ATTCTCTCGT GTATTCTGTC GTGCTCGCCC 
GGGCTGCGGT GTTCAGCGAT CTTACGTCGG 
GCCGTCGGCG TCGGAGGTTC TGGATGGCGC 
GAGGTGATGA TCCCTGACGG CGGTAGTGGC 
CAGTTCGATT CTGATGATCT GAAGGTAGTT 
C AT AT ACT AC TGTATTACCC TGAGTAAATA 
AT AC C TGTTT ACTTGCTACG GTTTTCACTT 
TT C C T ATAA.T TTGGTAGACA CCGAAATATA 
CGTTTTTGGC ACCTTATATT ATAGGGCGGA 
TAGTTTCAAT TGTATACAAG AATTCAAATA 
TGAGTTTCAA GTGAAGCGTT TTGGTCCTTT 
TCATAGTAGC CGAAACTTTA AT AG AAC TG A 
AAAGATTTGC TTATTTCACA CGTAGGTTGC 
GGGGTATTAT TATCTTGTTA GTACCTGCCT 
CATATGCGAG GCCTACACAC GGTAGGTTGG 
AACTTTTTGT CCTTCACATC GTGTTAGGTT 
GATGGAGGTG AAGATAGTAT TTGGTCTTCA 
GCTGAAGACA CGAGCAGAAT GGACAAAGAA 
CCACCACCGG GAAATGGACA GCAAATATAC 
TACCATCTTG AGTATCGGTA TGCTTCGCTT 
GTCTTTGATA AGATGTGAAT GGCTGCTTGC 
ACTCTTGTGT GTTCATGGTT CTGAGGTAAC 
AAGCACTGCA ATGTGAGCTA C TG AT AAC C A 
ATATGTCTTC ATGGGCTCTA TTTTTTTTCA 
GTGGACGGGT GTTCTTTTAC CCTCTTCTTC 
ATCC T AC AAA AAATTGAACA ACAATGCCAC 
ACACATATGT CCAGATCAAA CTATACTAGC 
AGATATAGCC TATACAGGAG AATACGTTCA 
GTATTTTCCC GCGGTTACGA GAAGTTTGGA 
TAACTATGTA TCTACCTTTT CTTTGTACTC 
AAGGTATCAC TTACCGAGAA TGGGCTCCTG- 
TCGTTTACCT GACTATACTA ATTCTATCTT 
AGCTATCCTA AGGTTGGGGA TTTTGC AC CT 
C T AG C ATT AT TAAGAACTAA CTCCTGCTTC 
TTCAACAATT GGGATCCAAA TGCAGACCAT 
TATATCATAT TTTCTTTGTA GATTTTTTTT 
TGAATATACA CCTTATATGT ACGTTGAGCT 
TAAATTCACT GGACTCTATT CTTTCACTTG 
ATGTTGATGA TGCTTTTGTT GTATGAGGTC 
TAAGT AAGG T TGCACATGTA TTTTTTATGA 
CAAGACACTA AGCAGTTTTA CATAATAATG 
CTGTAGCTCC ATGTGGTTGA TATAGATTAC 
GAATGACCTT GGTGTTTGGG AGATTTTTCT 
TCCTCACGGC TCACGGGTGA AGGTTGTTTT 
AACATGTCCT GTATTACTCA GAAGCTCTTT 
CTG GG AT AAA GGATTCAATT CCTGCTTGGA 
TACCATACAA TGGAATATAT TATGATCCTC 
CTTTTAGATT TCAGATATTT TTATTAGAAG 
CCCAATTGCT ATTTCAAGCT GTCCTACTTA 
CTAACCAGTT ATGAAATTCC TT AC ATGC AT 
CAACCTAAAC G AC C AAAATC ATTGCGGATA. 
GTATTTCATC TTTACCATGT AT T C CAT AAA 
TTACAGGTTG TTACAATGGT ATTTTTGTGT 
AACTTATCAT AAATTTATTT GTTATGCCGC 
TGGACAATCT AGAACTAGAT AATAC AAAT C 
AGTCAACTAG GATGTTTTGA ATGCTCAAGA 
TGTCCATTTG TTCAAATGTT TAATTAACAC 
ACAAGTAATT GCCCAAGTTC ATATGTTTTT 
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3 6 51 TCACTATATT ACATGTTTCA TCAACAATTT 

3 721 TTTACATTTG TTCCTACATA TATAGTTATT 

3 7 81 TATAATTAAA ACCGATGGTA TATCAACGAT 

3 8 41 TGTGGCTTGT TATGCTCTTG TTTTAATAAC 

3 901 TTTTTACATT AACACATGGG CAATTACTTG 

3951 AG 



AATTAACCTC ATTCCTTACA AACATTTGTA 

TTATATATCA ACTTTATAAA TCATGACTGT 

TGAGATAATT TGGCATATGT GGATGAATTT 

ATAATAAATA GATTATGCTT GTTGGTAGCC 

TTTCTTTGTG C AA C C A G G AA CCAAAGATCG 



Figure 8 (cont'd) 
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Sequence of a wheat branching- enzyme lib cDNA 

1 ATGGTCGACC TGCAGGCGGC CGCGAATGCA CTAGNGATTT TG AC AC CAG A 

51 CCAACTGGTA ATGGTAGCGA CCGGCGCTCA GCTGGAATTC GCGGCCGCGT 

101 CGACCGTGGG TTTAAGCAGG AGACGAGGCG GGGTCAGTTG GGCAGTTAGG 

151 TTGGATCCGA TCCGGCTGCG GCGGCGGCGA CGGGATGGCT GCGCCGGCAT 

201 TCGCAGTTTC CGCGGCGGGG CTGGCCCGGC CGTCGGCTCC TCGATCCGGC 

2 51 GGGGCAGAGC GGAGGGGGCG CGGGGTGGAG CTGCAGTCGC CATCGCTGCT 

3 01 CTTCGGCCGC AACAAGGGCA CCCGTTCACC CCGTGCCGTC GGCGTCGGAG 
3 51 GTTCTGGATG GCGCGTGGTC ATGCGCGCGG GGGGGCCGTC CGGGGAGGTG 
401 ATGATCCCTG ACGGCGGTAG TGGCGGAACA CCGCCTTCCA TCGACGGTCC 
451 CGTTCAGTTC GATTCTGATG ATCTGAAGGT TCCATTCATT GATGATGAAA 
501 CAAGCCTACA GGATGGAGGT GAAGATAGTA TTTGGTCTTC AG AG AC AAAT 
5 51 CAGGTTAGTG AAGAAATTGA TGCTGAAGAC ACGAGCAGAA TGGACAAAGA 
601 ATCATCTACG AGGGAGAAAT TACGCATTCT GCCACCACCG GGAAATGGAC 
651 AG C AAAT AT A. CGAGATTGAC CCAACGCTCC GAG AC TTTAA GTACCATCTT 
701 GAGTATCGAT ATAGCCTATA CAGGAGAATA CGTTCAGACA TTGATGAACA 
751 CGAAGGAGGC ATGGATGTAT TTTCCCGCGG TTACGAGAAG TTTGGATTTA 
SOI TGCGCAGCGC TGAAGGTATC ACTTACCGAG AATGGGCTCC TGGAGCAGAT 
851 TCTGCAGCAT TAGTTGGCGA CTTCAACAAT TGGGATCCAA ATGC AG AC C A 
901 TATGAGCAAA AATGACCTTG GTGTTTGGGA GATTTTTCTG ' CCAAACAATG 
951 CAGATGGTTC GCCACCAATT CCTCACGGCT CACGGGTGAA GGTGCGAATG 

1001 GGTACTCCAT CTGGGACAAA GGATTCAATT CCTGCTTGGA TCAAGTACTC 

1051 CGTGCAGACT CCAGGAGATA T AC C AT AC AA TGGAATATAT TATGATCCTC 

1101 CCGAAGAGGA GAAGTATGTA TTCAAGCATC CTCAACCTAA ACGACCAAAA 

1151 TCATTGCGGA TATATGAAAC ACATGTTGGC ATGAGTAGCC CGGAACCAAA- 

12 01 GATCAACACA TATGCAAACT TCAGGGATGA GGTGCTTCCA AGAATTAAAA 

12 51 GACTTGGATA CAATGCAGTG CAAATAATGG CAATCCAAGA GC AC TC AT AC 

13 01 TATGGAAGCT TTGGGTACCA TGTTACCAAT TTCTTTGCAC CAAGTAGCCG 

13 51 TTTTGGGTCC CCAGAAGATT TAAAATCTTT GATTGATAGA GCTCACGAGC 

14 01 TTGGC TTGGT TGTCCTCATG GATGTTGTTC ACAGTCACGC GTCAAATAAT 
1451 ACCTTGGACG GGTTGAATGG TTTTGATGGC AC GG AT AC AC ATTACTTCCA 
1501 TGGCGGTTCA CGGGGCCATC ACTGGATGTG GGATTCCCGT GTGTTTAACT 

15 51 ATGGGAATAA GGAAGTTATA AGGTTTCTAC TTTCCAATGC AAGATGGTGG 

16 01 CTAGAGGAGT ATAAGTTTGA TGGTTTCCGA TTCGATGGCG CGACCTCCAT 

16 51 GATGTATACC CATC ATGG AT TACAAGTAAC CTTTACAGGA AGCTACCATG 

17 01 AATATTTTGG C TTTGCC ACT GATGTAGATG CGGTCGTTTA CTTGATGCTG 

17 51 ATGAATGATC TAATTCATGG GTTTTATCCT GAAGCCGTAA CTATCGGTGA 

18 01 AGATGTTAGT GGAATGCCTA CATTTGCCCT TCCTGTTCAA GTTGGTGGGG 
1851 TTGGTTTTGA CTATCGCTTA CATATGGCTG TTGCCCGCAA ATGGATTGAA 

19 01 CTTCTCAAAG GAAACGATGA AGCTTGGGAG ATGGGTAATA TTGTGCACAC 
1951 ACTAACAAAC AGAAGGTGGC TGGAAAAGTG TGTTACTTAT GCTGAAAGTC 
2 001 ACGATCAAGC AC TTGTTGG A GACAAGACTA TTGCATTCTG GTTGATGGAC 

20 51 AAGGATATGT ATGATTTCAT GGCGCTGAAC GGACCTTCGA CGCCTAATAT 
2101 TGATCGTGGA ATAGCACTGC AT AAAATG AT .TAGACTTATC ACAATGGGTC 
2151 TAGGAGGAGA GGGTTATCTT AACTTTATGG GAAATGAGTT CGGGCATCCT 
22 01 GAATGGATAG ACTTTCCAAG AGGCCCACAA GTACTTCCAA GTGGTAAGTT 

22 51 CATCCCAGGA AACAACAACA GTTACGACAA ATGCCGTCGA AGATTTGACC 

23 01 TGGGTGATGC AGAATTTCTT AGGTATCATG GTATGCAGCA GTTTGATCAG 
23 51 GCAATGCAGC ATCTTGAGGA AAAATATGGT TTTATGACAT CAGACCACCA 
2 401 GTACGTATCT CGGAAACATG AGGAAGATAA GGTGATCGTG TTTGAAAAAG 
2 451 GGGACTTGGT ATTTGTGTTC AACTTCCACT GGAGTAGTAG CTATTTCGAC 
2 501 TACCGGGTCG GCTGTTTAAA GCCTGGGAAG TACAAGGTGG TCTTAGACTC 
2 5 51 GGACGCTGGA CTCTTTGGTG GATTTGGTAG GATCCATCAC ACTGCAGAGC 
2 601 ACTTCACTTC TGACTGCCAA CATGACAACA GGCCCCATTC ATTCTCAGTG 
2 551 TACACTCCTA GCAGAACCTG TGTTGTCTAT GCTCCAATGA ACTAACAGCA 
27 01 AAGTGCAGCA T AC GCGTGCG CGCTGTTGTT GCTAGTAGCA AGAAAAATCG 
27 51 TATGGTCAAT ACAACCAGGT GCAAGGTTTA ATAAGGATTT TTGCTTCAAC 
2 801 GAGTCCTGGA TAGACAAGAC AACATGATGT TGTGCTGTGT GCTCCCAATC 
2 351 CCCAGGGCGT TGTGAAGAAA ACATGCTCAT CTGTGTTATT TTATGGATCA 
29 01 GCGACGAAAC CTCCCCCAAA TACCCCTTTT TTTTTTNAAA GGAGGATAGG 
2 9 51 CCCCCGGMCT TTGCNTNN 
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Alignment of Cereal Branching Enzyme Sequences 

I 
t 

1 50 

Y112 32 — MATFAVSG ATLGVARPAG AGGGLLPRSG SERRGGVDL? SLLLRKXDS . 

sbe9 — MATFAVSG ATLGVARPPA A 

barley Bella 

maize BEIIa DLP SVLFRRKDAF 

rice BEIV — MASFAVSG ARLGWRAGG GGGG..GGGP AARSGGVDLP SVLFRRKDSF 

barley BEIIb MAAPAFAV . . SAAGIARPSA R...RSSGAE PR SLLFGRNKG 

wheat BEIIb MAAPAFAV . . SAAGLARPSA P...RSGGAE RRGRGVELQS P SLLFGRNKG 

maize BEIIb <~ 

rice BEIII MAAPASAVPG SAAGLRAGAV RFPVPAGARS WRAAAELPTS RSLLSGR. . . 

51 100 

Y112 8 2 SR AVLSR AA5PGKVLVP DGESDDLAS P A Q 

sbe9 A Q 

barley BEIIa 

maize BEIIa SR TVLSC AGAPGKVLVP- GGGSDDLLSS AEPWDT . . Q 

rice BEIV SR GWSC AGAPGKVLVP GGGSDDLLSS AEPDVETQEQ 

barley BEIIb TRFPRAVGVG GSGWRWMRA GGPSGEVMIP DGGSGGSGTP PSIEGSVQFE 

wheat BEIIb TRS PRAVGVG GSGWRWMRA GGPSGEVMIP DGGSG . . GTP PSIDGPVQFD 

maize BEIIb KAVMV? EGENDGL . . . A.SRADSAQFQ 

rice BEIII .RFPGAVRVG GSGGRVAVRA AGASGEVMIP EGESDGM . . . PVSAG 

101 150 

Y112 8 2 PEELQIPSDI EEQ TAEV NMTGGTAEKL 

sbe9 PEELQIPEDI EEQ TAEV NMTGGTAEKL 

barley BEIIa -GE MAEV NMTGGAAEKL 

maize BEIIa PEELQIP EAE LTVEKTS SSP TQTTSAVAEA SSGVEAEERP 

rice BEIV PEESQIPDDN KVKPFEEEEE I PAVAEA SIKWAEDKL 

barley BEIIb SDDLEVPFID D . E? S LHDGGEDT I 

wheat BEIIb SDDLKVPFID D ET SLQDGG EDS I 

maize BEIIb SDELEVPDIS E . E. . TTCGA . . . . 

rice 3EXII SDDLQLPALD D EL STEVGAEVEI ■ 

151 20Q 

Y11282 ESSEPTQGIV ETITDGV. . . " T KGVKELWGE KPRWPKPGD " 

sbe9 ESSEPTQGIV ETITDGV T KGVKELWGE KPRWPKPGD 

barley BEIIa ESSEPTQGIA ETITDGV T KGVKELWGE KPQWPKPGD 

maize BEIIa ELSEVI GVGGT GGTKIDGAG I K.AKAPLVEE KPRVIPPPGD 

rice BEIV ESSEVIQDIE ENVTEGV I KDADEPTVED KPRVIPPPGD 

barley BEIIb RSSETYQVTE EIDAEGVSRM D KESSTVK KIRIVPQPGN 

wheat BEIIb WSSETNQVSE EIDAEDTSRM D • KESSTRE KLRILPPPGN 

maize BEIIb ...GVA DAQALNRV RWPPPSD 

rice BEIII ESSGAS DVEGVKRV V EELAAEQ KPRWPPTGD 

201 • 250 

Y112 82 GQKIYEIDPT LKDFRSHLDY RYSEYRRIRA AIDQHEGGLE AFSRGYEKLG 

sbe9 GQKIYEIDPT LKDFRSHLDY RYSEYRRIRA AIDQHEGGLE AFSRGYEKLG 

barley BEIIa GQKIYEIDPT LKDFRSHLDY RYSEYKRIRA AIDQHEGGLE VFSRGYEKLG 
maize BEIIa GQRIYEIDPM LEGFRGHLDY RYSEYKRLRA AIDQHEGGLD AFSRGYEKLG 
rice BEIV GQKIYQIDPM LEGFRNHLDY RYSEYKRMRA AIDQHEGGLD AFSRGYEKLG 
barley BEIIb GQQIYDIDPM LRDFKYHLEY RYSLYRRIRS DIDEYDGGMD VFSRGYEKFG 
wheat BEIIb GQQIYEIDPT LRDFKYHLEY RYSLYRRIRS DIDEHEGGMD VFSRGYEKFG 
maize BEIIb GQKIFQIDPM LQGYKYHLEY RYSLYRRIRS DIDEHEGGLE AFSRSYEKFG 
rice BEIII GQKIFQMDSM LNGYKYHLEY RYSLYRRLRS DIDQYEGGLE TFSRGYEKFG 

251 300 

Y11282 FTRSAEGITY REWA PG AH 5 A ALVGDFNNWN PNADTMTRDD YGW/SIFLPN 

sbe9 FTRSAEGITY REWAPGAHSA ALVGDFNNWN PNADTMTRDD YGVWEIFLPN 

barley BEIIa FTRSAKGITY REWAPGAHSA ALVGDFNNWN PNADTMTRDD YGVWEIFLPN 

maize BEIIa FTRSAEGITY REWAPGAYSA ALVGDFNNWN P N AD AMARN E YGVWEIFLPN 

rice BEIV FTRSAEGITY REWAPGAQSA ALVGDFNNWN PNADTMTRNE YGVWEISLPN 

barley EEIIb FVRSASGITY REWA P GAD S A ALVGDFNNWD PTADHMSKND LGIWEIFLPN 

wheat BEIIb F MRS AEG IT Y REWA P G AD S A ALVGDFNNWD PNADHMSKND LGVWEIFLPN 

maize BEIIb FNASAEGITY REWAPGAF SA ALVGDVNNWD PNADRMSKNE FSWSIFLPN 

rice BEIII FNHSAEGVTY REWAPGAHSA ALVGDFNNWN PNADRMSKNE FGVWEIFLPN 
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Y11282 
sbe9 
barley BEIIa 
maize BEIIa 
rice BEIV 
barley BEIIb 
wheat BEIIb 
maize BEIIb 
rice BEIII 



Y11282 
sbe9 
barley BEIIa 
maize BEIIa 
rice BEIV 
barley BEIIb 
wheat BEIIb 
maize BEIIb 
rice BEIII 



Y112S2 
sbe9 " - 
barley. -BEIIa 
maize BEIIa 
rice BEIV 
barley 'BEIIb 
wheat ..BEIIb 
maize ' BEIIb 
rice BEIII 



Y112S2 
sbe9 
barley BEIIa 
maize BEIIa 
rice BEIV 
barley BEIIb 
wheat BEIIb 
maize BEIIb 
rice BEIII 



Y11282 
sbe9 
barley BEIIa 
maize BEIIa 
rice BEIV 
barley BEIIb 
wheat BEIIb 
maize BEIIb 
rice BEIII 



Y112S2 
sbe9 
barley BEIIa 
maize BEIIa 
rice BEIV 
bar lev BEIIb 
wheat BEIIb 
maize BEIIb 
rice BEIII 



301 

NADG S ? A I P H 
NADGSPAIPH 
NADGSPAIPK 
NADGSPAIPH 
NADGSPAIPH 
NADGSPPIPH 
NADGSPPIPH 
NADGTSPIPH 
NAJDGSSPIPH 

351 

PPEEEKYVFQ 
PPEEEKYVFQ 
PPEEEKYVFQ 
PPSEEKYVFK 
PPEEEKYVFQ 
PPEEEKYVFK 
PPEEEKYVFK 
PPEEVKYVFR 
PPEEEKYIFK 

401 

KRLGYNAVQ I 
KRLGYNAVQ I 
KRLGYNAVQ I 
KXLGYNAVQI 
KKLG YNAVQ I 
KRLGYNAVQ I 
KRLGYNAVQ I 
KKLG YNAVQ I 
KKLG YNAVQ I 

451 

ELGLLVLMDI 
ELGLLVLMDI 
ELGLLVLMDI 
ELGLLVLMDI 
ELGLLVLMDI 
ELGLLVLMDV 
ELGLWLMDV 
ELGLLVLMDV 
ELGLWLMDV 

501 

NYGSWEVLRF 
NYG SWEVLRF 
NYGSWEVLRF 
NYGSWEVLRF 
NYGSWEVLRY 
NYGNKEVIRF 
NYGNKEVIRF 
NYGNWEVLRF 
NYGNWEVLRF 

551 

GEYFGFATDV 
GEYFGFATDV 
GEYFGFATDV 
GEYFGFATDV 
GEYFGFATDV 
KEYFGFATDV 
HEYFGFATDV 
NEYFGFATDV 
SEYFGFATDA 



G S R VK I RMDT 
GSRVKIRMDT 
GSRVKIRMDT 
GSRVKIRMDT 
GSRVKIRMDT 
GSRVKVRMDT 
GSRVKVRMGT 
GSRVKVRMDT 
G SRVKVRMET 



HPQPKRPESL 
HPQPKRPESL 
HPQPKRPESL 
HPQPKRPKSL 
KPQPKRPNSL 
HPQPKRPKSL 
HPQPKRPKSL 
HAQPKRPKSL 
HPQPKP.PKSL 



MAIQEKSYYA 
MAIQEHSYYA 
MAIQEHSYYA 
MAIQEHSYYA 
MAIQEHSYYA 
MAIQEHSYYG 
MAIQEHSYYG 
MAIQEHSYYG 
MAIQEHAYYG 



VHSHS SNNTL 
VHSHSSNNTL 
VHSHS SNNTL 
VHSHSSNNTL 
VHSHASNNTL 
VHSHASSNTL 
VHSHASNNTL 
VHSHASSNTL 
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Y112 8 2 GVGLDYRLKM AVADKWIELL KQSDESWKMG DIVKTLTNRR WLEKCVTYAE 

sbe9 GVGFDYRLHM AVADKWIELL KQSDESWKMG DIVHTLTNRR WLEKCVTYAE 

barley BEIIa GVGrDYRLHM AVADKWIELL KQSDESWKMG DIVKTLTNRR WLEKCVTYAE 

maize BEIIa GVGFDYRLHM AVPDKWIELL KQSDEYWEMG DIVHTLTNRR WLEKCVTYCE 

rice BEIV GVGFDYRLHM AVPDKWIELL KQSDEYWKMG DIVHTLTNRR WSEKCVTYAE 

barley BEIIb GVGFDYRLHM AVADKWIELL KGSDEGWEMG NIVHTLTNRR WLEKCVTYAE 

wheat BEIIb GVGFDYRLHM A VARKWI ELL KGNDEAWEMG NIVHTLTNRR WLEKCVTYAE 

maize BEIIb GVGFDYRMHM AVADKWIDLL KQSDETWKMG DIVHTLTNRR WLEKCVTYAE 

rice BEIII GVGFDYRLHM AVPDKWIELL KQSDESWKMG DIVHTLTNRR WSEKCVTYAE 
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Y112S2 SHDQALVGDK TIAFWLMDKD MYDFMALDRP STPRIDRGIA LHKMIRLVTM 

sbe9 SHDQALVGDK TIAFWLMDKD MYDFMALDRP STPRIDRGIA LHKMIRLVTM 

barley BEIIa SHDQALVGDK TIAFWLMDKD MYDFMALDRP STPRIDRGIA LHKMIRLVTM 

maize BEIIa SHDQALVGDK TIAFWLMDKD MYDFMALDRP STPRIDRGIA LHKMIRLVTM 

rice BEIV SHDQALVGDK TIAFWLMDKD MYDFMALDRP STPRIDRGIA LHKMIRLVTM 

barley BEIIb SHDQALVGDK TIAFWLMDKD MYDFMALNG? STPNIDRGIA LHKMIRLITM 

wheat BEIIb SHDQALVGDK TIAFWLMDKD MYDFMALNG? STPNIDRGIA LHKMIRLITM 

maize BEIIb SHDQALVGDK TIAFWLMDKD MYDFMALDRP STPTIDRGIA LHKMIRLITM 

rice BEIII SHDQALVGDK TIAFWLMDKD MYDFMALDRP ATPSIDRGIA LHKMIRLITM 
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Y112 82 GLGGEGYLNF MGNEFGHPEW IDFPRGPQTL PTGKVL PGNN NSYDKCRRRF 

Sbe9 GLGGEGYLNF.-. -MGNEFGHPEW IDFPRGPQTL PTGKVL PGNN NSYDKCRRRF 

barley BEIIa GLGGEGYLNF; MGNEFGHPEW IDFPRGPQTL PTGKVL PGNN NSYDKCRRRF 

maize BEIIa GLGGEGYLNF MGNEFGHPEW IDFPRGPQSL PNGSVIPGNN NSFDKCRRRF 

rice BEIV GLGGEGYLNF -MGNEFGHPEW IDFPRGPQSL PNG S VL PGNN YSFDKCRRRF 

barley BEIIb ALGGEGYLNF MGNEFGHPEW IDFPRGPQVL PTGKFIPGNN NSYDKCRRRF 

wheat BEIIb GLGGEGYLNF MGNEFGHPEW IDFPRGPQVL PSGKFIPGNN NSYDKCRRRF 

maize BEIIb GLGGEGYLNF- -MGNEFGHPEW IDFPRGPQRL PSGKFIPGNN NSYDKCRRRF 

rice BEIII GLGGEGYLNF ''MGNEFGHPEW IDFPRAPQVL PNGKFIPGNN NSYDKCRRRF 

T 
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Y112 82 DLGDADFLRY HGMQEFDQAM QHLEEKYGFM TSEHQYVSRK HESDKVIIFE 

sbe9 DLGDADFLRY HGMQEFDQAM QHLEEKYGFM TSEHQYVSRK HESDKVIIFE 

barley BEIIa DLGDADFLRY RGMQEFDQAM QHLEEKYGFM TSEHQYVSRK HEEDKVIIFE " 

maize BEIIa DLGDADYLRY RGMQEFDQAM QHLEGKYEFM TSDHSYVSRK HEEDKVIIFE 

rice BEIV DLGDADYLRY HGMQEFDQAM QHLEEKYGFM TSEHQYISRK HEEDKVIIFE 

barley BEIIb DLGDAEFLRY HGMQQFDQAM QHLEEKYGFM TSDHQYVSRK HEEDKVIVFE 

wheat BEIIb DLGDAEFLRY HGMQQFDQAM QHLEEKYGFM TSDHQYVSRK HEEDKVIVFE 

maize BEIxb DLGDADYLRY HGMQEFDQAM QHLEQKYEFM TSDHQYISRK HEEDKVIVFE 

rice BEIII DLGDADYLRY RGMLEFDRAM QSLEEKYGFM TSDHQYISRK HEEDKMIIFE 
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Y112 8 2 RGDLVFVFNF HWSNSFFDYR VGCSRPG KYK VALDSDDALF GGFSRLDHDV 

sbe9 RGDLVFVFNF HWSNSFFDYR VGCSRPG KYK VALDSDDALF GGFSRLDHDV 

barley BEIIa RGDLVFVFNF KWSNSKKDYR VGCSKPGKYK VALDSDDALF GGFSRLDHDV 

maize BEIIa RGDLVFVFNF KWSNSYFDYR VGCFKPGKYK IVLDSDDGLF GGFSRLDHDA 

rice BEIV RGDLVFVFNF KWSNSYFDYR VGC LKPGKYK IVLDSDDGLF GGFSRLDHDA 

barley BEj_Ib KGDLVFVFNF KWSNSYFDYR VGCLKPGKYK WLDSDAGLF GGFGRIHHTG 

wheat BEIIb KGDLVFVFNF HWSSSYFDYR VGCLKPGKYK WLDSDAGLF GGFGRXHHTA 

maize BE J. Ib KGDLVFVFNF HCNNSYFDYR IGCRKPGVYK WLDSDAGLF GGFSRIKHAA 

rice BEIII KGDLVFVFNF KWSNSYFDYR VGCLKPGKYK WLDSDAGLF GGFGRIHHTA 
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Y112 82 DYFTTEHPHD NRPRSFSVYT PSRTAWYAL TE* 

sbe9 DYFTTEHPHD NRPRSFSVYT PSRTAWYAL TE* 

barley BEIIa DYFTTEHPHD NRPRSFSVYT PSRTAWYAL TE* 

maize 3EIIa E Y F T AD W PHD NRPCSFSVYA PSRTAWYAP AGAEDS* 

rice BEIV E YF T AD W PHD NRPCSFSVYT PSRTAWYAL TED* ~ 

barley BEIIb EKFTNGCQKD NRPHSFSVYT PSRTCWYA? MN* 

wheat BEIIb EHFTSDCQHD NRPHSFSVYT PSRTCWYA? MN* 

maize BEIIb EH FT ADC S HD NRPYSFSVYT PSRTCWYA? VE* 

rice BEIII EHFTADC SHD NRPYSFSVYS PSRTCWYA? AS* 
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10 20 30 40 50 60 

exon 1/2 A/5* TGGCGGCGGCGACGGGATGGCTGCGCCGGCATTCGCAGTTTCCGCGGCGGGGCTGGCCC 

exon 1/2 A/3 T GCGGCGACGGGATGGCTGCGCCGGCATTCGCAGTTTCCGCGGCGGGGCTGGCCC 

exon 1/2 ID CGGCGGCGGCGACGGGATGGCTGCGCCGGCATTCGCAGTTTCCGCGGCGGGGCTGGCCC 

exon 1/2 A/B GGCCGTCGGCTCCTCGATCCGGCGGGGCAGAGCGGAGGGGGCGCGGGGTGGAGCTGCAGT 

exon 1/2 A/B GGCCGTCGGCTCCTCGATCCGGCGGGGCAGAGCGGAGGGGGCGCGGGGTGGAGCTGCAGT 

exon 1/2 D GGCCGTCGGCTCCTCGATCCGGCGGGGCAGAGCGGAGGGGGCGCGGGGTGGAGCTGCAGT 

exon 1/2 A/3 CGCCATCGCTGCTCTTCGGCCGCAACAAGGGCACCCGTTCACCCC 

exon 1/2 A/B CGCCATCGCTGCTCTTCGGCCGCAACAAGGGCACCCGTTCACCCC 

exon 1/2 D CGCCATCGCTGCTCTTCGGCCGCAACAAGGGCACCCGTTCACCCCGTAATTATTTGCGCC 

exon 1/2 A/B 

exon 1/2 A/3 

exon 1/2 D ACCTTTCTCACTCACATTCTCTCGTGTATTCTGTCGTGCTCGCCCTTCGCCGACGACGC 

exon 1/2 A/B 

exon 1/2 A/B • 

exon 1/2 D GTGCCGATTCCGTATCGGGCTGCGGTGTTCAGCGATCTTACGTCGGTTCCCTCCTGGTGT 

4 

exon 1/2 A/ 3 GTGCCGTCGGCGTCGGAGGTTCTGGATGGCGCGTGGTCATGCGCGC 

exon 1/2 A/B GTGCCGTCGGCGTCGGAGGTTCTGGATGGCGCGTGGTCATGCGCGC 

exon 1/2 D GGTGATGTCTGTAGGTGCCGTCGGCGTCGGAGGTTCTGGATGGCGCGTGGTCATPCGCGC 

exon 1/2 A/B GGGGGGGCCGTCCGGGGAGGTGATGATCCCTGACGGCG 
exon 1/2 A/B GGGGGGGCCGTCCGGGGAGGTGATGATCCCTGACGGCG 
exon 1/2 D GGGGGGGCCGTCCGGGGAGGTGATGATCCCTGACGGCG 
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<110> CSIRO 

Goodman Fielder Limited 

Groupe Limagrain Pacific Pty Limited 

<12 0> Starch Branching Enzymes 

<130> FP14112 

<140> PQ5742 
<141> 2000-02-21 

<150> PQ5742 
<151> 2000-02-21 

<150> 17 

<170> Patentln Ver. 2.1 

<210> 1 

<211> 2726 

<212> DNA 

<213> Triticum sp . 

<400> 1 

acgttgctcc cccttctcat cgcttctcaa ttaatatctc catcactcgg ttccgcgctg 60 
catttcggcc ggcgggttga gtgagatctg ggccactgac cgactcactc gctcgctgcg 120 
gggatggcga cgttcgcggt gtccggcgcg accctcggtg tggcgcggcc gccggcggcg ISO 
gcgcaacctg aagaattaca gatacctgaa gacatcgagg agcaaacggc tgaagtaaac 240 
atgacagggg ggactgcaga aaaacttgaa tcttcagaac cgactcaagg cattgtggaa 300 
acaatcactg atggtgtaac caaaggagtt aaggaactag tcgtggggga gaaaccgcga 3 60 
gttgtcccaa aaccaggaga tgggcagaaa atatacgaga ttgacccaac gctgaaagat 420 
tttcggagcc % atcttgacta ccgatacagc gaatacagga gaattcgtgc tgctattgac 430 
caacatgaag gtggattgga agcattttct cgtggttatg aaaagcttgg atttacccgc 540 
agtgctgaag gtatcactta ccgagaatgg gctcctggag cgcattctgc agcattagta 600 
ggtgacttca acaattggaa tccgaatgca gatactatga ccagagatga ttatggtgtt 660 
tgggagattt tcctccctaa caatgctgat ggatccccag ctattcctca tggctcacgt 720 
gcaaagatac ggatggatac tccatctggc gtgaaggatt caatttctgc ttggatcaag 780 
ttctctgtgc aggctccagg cgaaatacca ttcaatggca tatattatga tccacctgaa 340 
gaggacaagt atgtcttcca acatcctcaa cctaaacgac cagagtcact gaggatttat 900 
gaatcacaca ttggaatgag cagcccagaa ccgaagataa attcatatgc taattttagg 960 
gacgaggtgc tgccaagaat taaaaggctc ggatacaatg cagtgcagat aatggcaatc 1020 
caggagcatt catactatgc gagctttggg taccatgtta ctaatttttt tgcaccaagt 1080 
agccgttttg gaactccaga ggacttaaaa tccctgatcg atagagcaca tgagcttggt 1140 
ttgcttgttc ttatggatat tgttcatagt cattcatcaa ataataccct tgacggcttg 1200 
aatggtttcg atggcactga tacacattac ttccacggtg gtccacgtgg ccatcattgg 1260 
atgtgggatt ctcgtccatt caactatggg agtitgggaag tattgagatt cttactgtca 1320 



WO 01/62934 

aacgcgagat ggtggcttga agaatataag 
\ : atgacgt atactcacca tggaccacaa 
tttggacttg ccactgatgt tgatgcggta 
catggacttc accccgatgc tgcatccatc 
tgcatccctg tcccagatgg tggtgttggt 
gataaacgga ttgaactcct caagcaaagt 
cacaccctaa caaatagaag gtggcttgag 
caagcactag ttggtgacaa gaccatcgca 
ttcacggctc tggataggcc ctcaacccct 
atgatcaggc tcgtcaccat gggtctaggt 
gagtttgggc atcctgaatg gatagatttt 
aaagttctcc ctggaaataa caat:agtt:at 
gatgcagatt ttcttagata tcatggtatg 
gaggaaaaat atgggtttat gacatccgag 
gataaggtga tcatcttcga aagaggagat 
aatagctttc ttgaccaccg tgttgggcgt 
gactccgacg atgcactctt tggtggattc 
acaaccgaac atccgcatga caacaggccg 
actgcggtcg tgtatgccct tacagagcaa 
agagaactcc agagagctcg tggatcgcga 
tctaagcgcc atgactggga ggggatcgtg 
cgataggtag cttgttggfcg agcgctcgaa 
gctgcactac cctcctccta tcttgcacat 
attgcccgcg cgctcaacgc gaacaa 

<210> 2 

<211> 11475 

<212> DNA 

<213> Triticum sp . 
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tttgatggat ttcgatttga tggggegacc 13 80 
atgacattta ctgggaacta tggcgagcat 1440 
gtttacttga tgctggtcaa cgatctaatt 1500 
ggcgaagatg tcagtiggaat gcccacattt 1550 
tttgactatc gcttgcatat ggctgnagca 1620 
gacgaatctt ggaaaatggg tgatattgtg 1680 
aagtgtguaa cttatgcaga aagtcatgat 17 40 
ttctggttga tggataagga tatgtatgat 1800 
cgcattgatc gtggcatagc attacataaa 1360 
ggtgaaggcu atcttaactt catgggaaac 1920 
ccaagaggtc cgcaaactct tccaaccggc 1980 
gataaatgcc gccgtagatt tgaccttgga 2040 
caagagttcg atcaggcaat gcagcatctt 2100 
caccagtatg tttcacggaa acatgaggaa 2160 
ttggtatttg ttttcaactt ccactggagc 2220 
tccaggcctg ggaagtacaa ggtggcctta 2280 
agcaggcttg atcatgatgt cgactacttc 2 3 ^JO 
cgctCuCtct cggtgtacac tccgagcaga 2400 
gaaccagcag ctgcttgtta caaggcaaag 2460 
gcgaagcgac gggcaacggc gcgaggctgc 252 0 
cctcttcccc agatgccagg aggagcagat 2580 
agaaaatgga cgggcctggg tgtttgccgt 2640 
tcccggttgc ttttgtacat ataactaata 2700 

2726 



<400> 2 

agaaacacct ccattttaga tttttttttt gttctit.tt.cg gacggtgggt cgtggagaga 60 
ttagcgtcta gttttcttaa aagaacaggc catttaggcc ctgctttaca aaaggctcaa 120 
ccagtccaaa acgtctgcta ggatcaccag ctgcaaagtt aagcgcgaga ccaccaaaac 180 
aggcgcattc gaactggaca gacgctcacg caggagccca gcaccacagg cctgagcctg 240 
acagccgacg tgagtgcgtg acacatgggg tcatctatgg gcgtcggagc aaggaagaga 3 00 
gacgcacatg aacaccatga tgatgctatc aggcctgatg gagggagcaa ccatgcaccc 3 60 
tttcccctct ggaaattcat agctcacacc tttttttaat ggaagcaaga gttggcaaac 420 
acatgcattc tcaaacaagg aaaattaatc ctcaaaccac catgacatgc aattctcaaa 480 
ccacgcaccg acgagtccat gcgaggtgga aacgaagaac tgaaaatcaa catcccagtt 540 
gtcgagtcga gaagaggatg acactgaaag tatgcgtatt acgatttcat ttacatacat 600 
gtacaaatac ataatgtacc ctacaatttg ttttttggag cagagtggtg tggtcttttt 660 
tttctacacg aaaatgccat agctggcccg cacgcgtgca gatcggatga tcggtcggag 720 
acgacggaca atcagacact: caccaactgc ttttgtctgg gacacaataa atgtttttgt 780 
aaacaaaata aatacttata aacgagggta ctagaggccg ctaacggcat ggccaggtaa 840 
acgcgctccc agccgttggt ttgcgatccc gtcctcccgc acgcagcgtc gcctccaccg 900 
tccgtccgtc gctgccacct ctgctgtgcg cgcgcacgaa gggaggaaga acgaacgccg 960 
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3 

cacacacact cacacacggc acactccccg cgggccccct ttccggcttg gcgcccatcc 1020 
Ictccccc gcccatcccc atgcactgca ccgtacccgc cagcttccac ccccgccgca 1030 
cacgetgccc ccccctccca tcgctcctca attaatatct ccatcactcg ggttccgcgc 1140 
tgcattccgg ccggcgggct gagcgagacc tgggcgactg gctgactcaa tcactacgcg 1200 
gggatggcga cgttcgcggt gtccggcgcg actctcggcg tggcgcgggc cggcgtcgga 1260 
gtggcgcggg ccggctcgga gcggaggggc ggggcggacc tgccgtcgct gctcctcagg 1320 
aacaaggact cctctcgcac gcctcgccct ctcgaatctc ccccgtctgg ctttggcccc 1380 
cctcctctct cctctgcgcg cgcatggcct gttcgatgct: gctccccaac tgatctcca t 1440 
gagcgagaga gatagccgga ttaggcgatc gcgcttcccg aacctgtatt tcttcccccg 1500 
cggggaaatg cgttagtgtc acccaggccc tggtgttacc acggctttga tcattcct.cg 1560 
tttcatfcctg atatatattt tctcattctt tttcttcctg ttcttgctgt aactgcaagt 1620 
tgtggcgttc tttcaccatt gtagtcatcc ttgcattttg caggcgccgt cccgagccgc 1680 
gcggcctccc cagggaaggt cctggtgcct gacggcgaga gcgacgactt ggcaagtccg 1740 
gcgcaacctg aagaattaca ggtacacaca ctcgtgccgg taaatcttca tacaatcgtt 1800 
attcacttac caaatgccgg atgaaaccaa ccacggatgc gccaggtttc gagcttcttc 1860 
tatcagcatt gtgcagtact: gcaccgcctt gttcattttg ttagccttgg ccccgtgctg 1920 
gctctcgggc cactgaaaaa atcagatgga tgtgcattct agcaagaact tcacaacata 1980 
atgcaccgtt tggggtttcg tcagtctgct ctacaattgc tatt fcttcgt gctgtagata 2040 
cctgaacata tcgaggagca aacggcggaa gtgaacatga caggggggac tgcagagaaa 2100 
ctccaaCictt cagaaccgac tcagggcatt gtggaaacaa tcactgatgg tgtaaccaaa 2160 
ggagctaagg aactagccgc gggggagaaa ccgcgagttg tcccaaaacc aggagatggg 2220 
cagaaaatat acgagattga cccaacactg aaagatcttc ggagccatct tgactiaccgg 2280 
taatgcctac ccgcugcttt: cgctcacttt gaac taaggt cctttcatca tgcaaatttg 2340 
gggaacatca aagagacaaa gactagggac caccatttca tacagatccc ttcgtggtct 2400 
gagaatatgc tgggaagtaa acgCataatt gatggctaca attit.gct.caa aattgcaata 2460 
cgaataactg tctccgatca ttacaattaa agagtggcaa actgatgaaa atgtggtgga 2520 
tgggttatag attttacttt gctaattcct ctaccaaatt cctagggggg aaatctacca 2580 
gttgggaaac ttagcttctt atctttgtgg cctttttgtt ttggggaaaa cacattgcta 2640 
aattcgaatg attttgggta tacctcggtg gattcaacag atacagcgaa tacaagagaa 2700 
ttcgtgctgc tattgaccaa catgaaggtg gattggaagc attttctcgt ggttatgaaa 27 60 
agcttggatt tacccgcagg taaatttaaa gctttattat tatgaaacgc ctccactagt 2820 
ctaattgcat atcttataag aaaatttata attcctgttt tcccctctct tttttccagt 2880 
gctgaaggca tcgtctaatt gcacatctta taagaaaatt tatattcctg ttttccccta 2940 
ttttccagtg ctgaaggtat cacttaccga gaatgggctc ctggagcgca tgttatgttc 3000 
ttttaagttc cttaacgaga' caccttccaa tttattgtta atggtcacta ttcaccaact 3060 
agcttactgg acttacaaat tagcttactg aatactgacc agttactata aatttatgat 3120 
ctggcttttg caccctgtta cagcctgcag cattagtagg tgacttcaac aattggaatc 3180 
caaatgcaga taccatgacc agagtatgtc tacagcttgg caatcttcca cctttgcttc 3240 
ataactactg atacatctat ttgtatttat ttagctgttt gcacattcct taaagttgag 3300 
cctcaactac atcatatcaa aatggtataa tctgccagtg tcttaagctt cagcccaaag 3360 
attctactga acctagtcca tccttttgag attgaaaatg agtatattaa ggatgaatga 3420 
acacgtgcaa cacccccatc tgcattatgt gtgctttccc atctacaatg agcatatttc 3480 
catgctatca gtgaaggttt gctcctattg atgcagatat ttgatatggt cttutcagga 3540 
tgattatggt gcttgggaga tttccctccc taacaacgct gatggatcct cagctatccc 3600 
t-catggctca cgtgtaaagg taagctggcc aattatttag tcgaggatgt agcattttcg 3660 
.aaccctgcct accaagggtc ccttttcctc tctgtt: tttt agatacggat ggatactcca 3720 
tccggtgtga aggactcaat ttctgcttgg atcaagttct ctgtgcaggc tccaggtgaa 3780 
atacctttca atggcatata ttatgatcca cccgaagagg taagtatcga tctacattac 3840 
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203563-2336 2^26206323 30-22363635 
2063633235 5355532222 663303-5^53 

22303520O3 053235H233 3535H25533 
2533333363 2062233352 352>5353535 
S22«202335 .0063030336 3053063000 

2U20200235. 55350333-22 OO-e-503323,0 

30232-22333 -262333-2306 36333O5303 

30-23063323 3023222030 62-S-2302505 

3 32T52-213T22-2 3560306522 21232533552 

335602023-5 35-2652-2220 233.3562335 

3552362055 5356522333 5303353333 

2352335252 6U25353235 003,2323332 

0220352005 5205230306 0533T202353 

22^5533332 2H05232223 332?5323232 

5333532023 3323-225363 2303-232222 

3253220206 0532323,325 3SS3323225 

3262062363 0653535353 0OB0O23O2O 

0533335023 3053225536 2036520335 

336302-2335 3523053033 000035U25U 

3622022202 0032353536 302?U353353 

^23302^333 6636232235 33353,63532 
2^00033530 6026553222 6633336022 
-2203633002 2066632225 2-555063322 
5553622322 3333335553 33533,36323 
3206260^33 3622033206 6022003522 
6330023233 3523063220 22320333,30 

3035203-255 603 m233 3 352:3522335 

-2363^52203 6033^00353 6305326333 
63^6330233 35236006312 5336326302 

3323332325 3262303303 3333353336 
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atcgatcgtg gcatagcact acataaaatg atcaggcctg tcaccauggg tttaggtggt 9660 
. iggccacc ttaacctcat gggaaatgag ttcgggcatc ctggtcagcc ctucaacat 9720 
tattgcattc tgcatgattg tgatttactg taatttgaac catgct cctc tctcacattg 9780 
tatgtattat gtaatctgtt gcttccaagg aggaagttaa c tec tat tea cttggcagaa 9840 
tggatagatt tcccaagagg cccacaaact cttccaaccg gcaaagctct ccctggaaat 9900 
aacaacagtt atgataaatg ccgccgtaga tttgatcttg taagccttag ctgtgctatc 9960 
acattccctc actagacctc tattggccat ttatttcttg atgaaatcat aatgtttgtt 10020 
aggaaagatc aacattgctc ttgtagtttt gtagacgtta acataagtat gtigttgagag 10080 
tcgctgacca ttaaaaatat catgatctct tgcagggaga tgcagatttt cttagatatc 10140 
gcggcatgca agagttcgat caggcaatgc agcatcttga ggaaaaatat ggggcatgcc 10200 
actggtttgt ctttgttgca taacaagtca cagtttaacg tcagtctc tt caagtggtaa 10260 
aaaaagtgta gaattaattc ctgtaatgag acgaaaactg tgcaaaggcg gagctggaat 10320 
tgctUtcac caaaactatt ttcttaagtg cttgtgtatt gatacatata ccagcactga 10380 
caatgcaact gcagtttatg acatctgagc accagtatgt ttcacggaaa catgacgaag 10440 
ataaggtgat catcctcaaa agaggagatt tggtatttgt cttcaacctc cactggagca 10500 
atagcttttt tgactaccgt gttgggtgcc ccaagcctgg gaagtacaag gtatgcttgc 10560 
cttttcattg tccacccttc accagtaggg ttagtggggg cttctacaac ttttaattcc 10620 
acatggatag agtttgttgg tcgtgcagct atcaatataa agaatagggt aatttgcaaa 10680 
gaaaagaatt tgctcgagct gttgtagcca taggaaggtt gttcttaaca gccccgaagc 10740 
acacaccatt cactcatatt atctacctaa gtgtttgttt caatctttat gctcagttgg 10800 
actcggccca atactagaac tattctccga atctacccta accatcctag cagctttaga 10860 
gcagccccac ttggacaatt ggctgggttt ttgttagttg tgacagcttc tgctatccct 10920 
taatcaggtg gccttggact ctgacgatgc actcttcggt ggattcagca ggcttgatca 10930 
tgatgtcgac tacttcacaa ccgtaagtct gggctcaagc gtcacttgac tcgtcctgac 11040 
tcaactgctt acaaatctga atcaacttcc caattgctga tgcccttgca ggaacatccg 11-100 
catgacaaca ggccgcgctc tttctcggtg tacactccga gcagaactgc ggtcgtgtat 11160 
gcccttacag agtaagaacc agcagcggct tgiitacaagg caaagagaga actccagaga 11220 
gcccgcggat cgtgagcgaa gcgacgggca acggcgcgag gctgctccaa gcgccatgac 11280 
tgggagggga tcgtgcctct tccccagatg ccaggaggag cagatggata ggtagcttgt 11340 
tggtgagcgc tcgaaagaaa acggacgggc ctgggtgctt gttgtgctgc actgaaccct 11400 
cctcctatct tgcacattcc cggttgt.ttt tgtacatata actaataatt gcccgtgcgc 11460 
tcaacgtgaa aatcc 11^75 

<210> 3 ' 

<2L1> 19 

<212> DNA 

<213> Triticum sp . 

<400> 3 

atcacttacc gagaatggg 19 

<210> 4 

<211> 20 

<212> DNA 

<213> Triticum sp . 



WO 01/62934 
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<400> 4 

c catttgg atttcaattg 



20 



<210> 5 

<211> 3962 

<212> DNA 

<213> Triticum so. 

<400> 5 

ggatccgatc cggctgcggc ggcggcgacg ggatggctgc gccggcattc gcagtttccg 60 
cggcggggct ggcccggccg tcggctcctc gatccggcgg ggcagagcgg agggggcgcg 120 
gggtggagct gcagtcgcca tcgctgctc z Ccggccgcaa caagggcacc cgttcacccc 180 
gtaattattt gcgccacctt tctcactcac attctctcgC gtattctgtc gtgctcgccc 240 
ttcgccgacg acgcgtgccg attccgtatc gggctgcggt gttcagcgat cctacgtcgg 300 
ttccctcctg gtgtggtgat gtctgtaggt gccgtcggcg tcggaggttc tggatggcgc 3 60 
gtggtcatgc gcgcgggggg gccgtccggg gaggtgatga tccctgacgg cggtagtggc 420 
ggaacaccgc cttccatcga cggccccgtt cagttcgatt: ctgatgatct gaaggtagt t: 480 
tttttcttgc atcgatctga aggtacttga catatactac tgtattaccc tgagtaaata 540 
ctgccaccat atttttatgg ttcgcttgaa atacctgttt acttgctacg gttttcactc 600 
tcattgagac gtcggacgaa attcactgaa ttcctataat ttggtagaca ccgaaatata 660 
tactactcct tccgucccat aatataagag cgtttttggrc accttatatc atagggcgga 720 
gggagtacct tttaggtcaa aatattgtgg tagtttcaat tgtatacaag aattcaaata 780 
ttttttttaa aaaaaaatca act.aatt.ggt. tgagtttcaa gtgaagcgtt ttggtccttt 840 
ggctgagatg taaaccgaaa tcactgaaat tcatagtagc cgaaacttta atagaactga 900 
aactcaaaat ctgctatccg gcgaaattct aaagatttgc ttatttcaca cgtaggt tigc 9 60 
agcacaccct ctttctaatt tattggggaa ggggtattat tatcttgtta gtacctgcct 1020 
gcatgacaat tgaaatctaa gacaaaacac catatgcgag gcctacacac ggtaggttgg 1080 
tctacaacta tgtgtgccac agttcgtc tg aactttttgt ccttcacatc gtgttaggtt 1140 
ccattcattg atgatgaaac aagcctacag gatggaggtig aagatagtat ttggtcttca 1200 
gagacaaatc aggttagtga agaaattgat gctgaagaca cgagcagaat ggacaaagaa 125Q 
tcatctacga gggagaaatt acgcattctg ccaccaccgg gaaatggaca • gcaaatatac 13 20 
gagattgacc caacgctccg agactttaag taccatcttg agtatcggta tgcttcgctt 1380 
ctattgtgtg cactttaaaa acaatttaca gcctttgata agatgtgaat ggctgcttgc 1440 
tgtgacacga aactcttgaa gttcgtagcc actcttgtgt gttcatggtt ctgaggtaac 1500 
atggtaaccg aacaaaaata ggaaagtggc aagcactgca atgtgagcta ctigataacca 1560 
cccatcgtaa utgggtacac tgattaatat atatgtcttc atgggctcta tttt ttttca 1620 
atatctatgc caattgaaca acaacgctct gtggacgggt gttcttt tac cctcttcttc 1680 
tatcaataga tgatatgcat actcatgcgt atcctacaaa aaattgaaca acaatgccac 1740 
tttcccccgt gttgcttttg taaggatgaa acacatatgt ccagatcaaa ctatactagc 1800 
agcctaactg tgccctaatg gatcaaaaac agatatagcc tatacaggag aatacgttca 1860 
gacattgatg aacacgaagg aggcatggat gtatt-ttccc gcggttacga gaagtttgga 1920 
tttatgcgca ggtgaaattt ctcgactaaa taactatgta tctaccttct ctctgtactc 1980 
tatcaacatt ccccttccca tgcagcgctg aaggtaccac tcaccgagaa tgggctcctg 2040 
gagcagatgt acgctcttct aaccatctga tcgcttacct gactatacta attctatctt 2100 
tcaactaatt gtgaataatt actgctcacc agctatccta aggttgggga ttttgcacct 2160 
cccagatgaa cagcatacta agtcgcacaa ctagcattat taagaactaa ctcctgcttc 2220 
caattgcagt ctgcagcatt agttggcgac ttcaacaatt gggatccaaa Cgcagaccat 2280 
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atgagcaaag tatgcatgta gtutcacaaa 
•:agatcgg cctatctatt taaatgtggt 
gtaaatatag ttggaagtgt ttaggagcat 
cctgctgcac gagcccatta ctagatacca 
gaagtgaaac atgcatgtta ccctcctaca 
tctaaacacc atttactgac tt tgttct tg 
gcgttgc/agc aggccgactg cacatctgaa 
aaatgctcat attcaatgta actgttttca 
gccaaacaat gcagatggtt cgccaccaat 
cttctccttg ccaaccgtgt taggctcagg 
tgaacatcta ggtgagaatg gatactccat 
tcaagtactc cgtgcagact ccaggagata 
ccgaagaggt attutacttc atcttctgtg 
aaaattatga ttLtttccct cacgaacctt 
tttgccgctg gcatcttatt tttctattct 
atgcaggraga agtatgtatt caagcatcct 
tatgaaacac atgttggcat gagtagcccg 
tgaagttagc tatatgcagt tcaaatttat 
tggtgccctt ctttcgtttt ataagtaaaa 
ttggttaata caatccgaaa aatgtaactg 
tgaaaaaaca tgctggaata gtgtcatttc 
gaagcactag tgtgtagcat caaaagctgg 
Catagtgaaa acaagtaatt gcacaaagaa 
tcactatatt acatgtttca tcaacaattt 
tttacatttg ttcctacata tatagttatt 
tataattaaa' accgatggta tatcaacgat 
tgtggcttgt tatgctcttg ttttaataac 
tttttacatt aacacacggg caattacttg 
ag 
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tatatcatac tttctttgta gacttttttt 2340 
tgaatataca ccttatatgt acgttgagct 2400 
taaattcact ggactctatt ctttcacttg 2460 
atgttgatga tgcttttgtt gtatgaggtc 2520 
taagtaaggt cgcacatgta ttttttatga 2580 
caagacacta agcagtttca cataataatg 2640 
ctgtagcccc atgtggttga tatagattac 2700 
gaatgacctt ggtgtttggg agatttttct 2760 
tcctcacggc tcacgggtga aggttgtttt 2820 
aacatgtcct gtattactca gaagctcttt 2880 
ctgggataaa ggattcaatt cctgcttgga 2940 
taccatacaa tggaatatat tatgatcctc 3000 
cttttagatt tcagatatcc tt'attagaag 3060 
cccaattgct atttcaagct gtcccactta 3120 
ctaaccagtt atgaaatccc ttacatgcat 3180 
caacctaaac gaccaaaatc attgcggata 3240 
gtatttcatc tttaccatgt attccataaa 3300 
ttacaggttg ttacaatggt atttttgtgt 3360 
aacttatcat aaatttattt gttatgccgc 3420 
tggacaacct agaactagat aatacaaatc 3 480 
agtcaactag gatgttttga atgctcaaga 3540 
tgcccatctg ttcaaatgtt taattaacac 3600 
acaagtaatt gcccaagttc atatgttttt 3660 
aattaacctc attccttaca aacatttgta 3720 
ttatatatca actttataaa tcatgactgt 3780 
tgagataatt tggcatatgt ggatgaattt 3840 
ataataaata gattatgctt gttggtagcc 3900 
tttctttgtg caaccaggaa ccaaagatcg 3960 

3962 



<210> 6 

<211> 2968 

<212> DNA 

<213> Triticuiu sp . 

<400> 6 

atggtcgacc tgcacgcggc cgcgaatgca 
atggtagcga ccggcgctca gctggaattc 
agacgaggcg gggtcagttg ggcagttagg 
cgggatggct gcgccggcat tcgcagtttc 
tcgatccggc ggggcagagc ggagggggcg 
cttcggccgc aacaagggca cccgttcacc 
gcgcgtggtc atgcgcgcgg gggggccgtc 
tggcggaaca ccgccttcca tcgacggtcc 
t ccattca 1 1 gatgatgaaa caagcctaca 
agagacaaat caggccagtg aagaaatcga 
atcatctacg agggagaaat tacgcattct 



ctagngattt tgacaccaga ccaactggta 60 
gcggccgcgt cgaccgtggg tttaagcagg 12 0 
ttggatccga tccggctgcg gcggcggcga 18 0 
cgcggcgggg ctggcccggc cgtcggctcc 240 
cggggtggag ctgcagtcgc catcgctgct 300 
ccgtgccgtc ggcgtcggag gttctggatg 360 
cggggaggtg atgatccctg acggcggtag 42 0 
cgttcagttc gattctgatg atctgaaggt 480 
ggatggaggt gaagatagta tttggtcttc 540 
tgctgaagac acgagcagaa tggacaaaga 60 0 
gccaccaccg ggaaatggac agcaaatata 660 
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cgagaccgac ccaacgcccc gagactttaa 
jgagaata cgttcagaca ttgacgaaca 
ttacgagaag tttggattta cgcgcagcgc 
tggagcagat tctgcagcat tagttggcga 
tatgagcaaa aatgaccttg gcgtttggga 
gccaccaatt cctcacggct cacgggtgaa 
ggattcaatt cctgct'cgga tcaagcaccc 
tggaatatat catgatcctc ccgaagagga 
acgaccaaaa tcattgcgga cacatgaaac 
gatcaacaca tatgcaaact tcagggatga 
caacgcagtg caaacaatgg caatccaaga 
tgttaccaac tt.cctc.gcac caagtagccg 
gattgataga gctcacgagc ttggcttggt 
gtcaaataat accttggacg ggttgaatgg 
tggcggtitca cggggccatc actggatgtg 
ggaagttata aggtttctac tctccaatgc 
tiggttticcga ttcgatggcg. cgacctccac 
ctttacagga agctaccatg aatattttgg 
cctgatgctg atgaatgatc taattcatgg 
agatgttiagt. ggaatgccta catttgccct 
ctatcgccta catatggctg ttgcccgcaa 
agcttgggag atgggtaata ttgtgcacac 
tgctac ttat gctgaaagtc acgatcaagc 
gttgatggac aaggatatgt atgatttcat 
tgatcgtgga atagcactgc ataaaatgat 
gggttatctt aacttcatgg gaaatgagtt 
aggcccacaa gtacttccaa gtggtaagtt 
atgccgccga agatttgacc tgggtgatgc 
gtttgatcag gcaatgcagc atcttgagga 
gtacgtatct cggaaacatg aggaagataa 
atttgtgttc aacttccacc ggagtagtag 
gcctgggaag tacaaggtgg tcttagactc 
gatccatcac actgcagagc acttcacttc 
attctcagtg tacactccta gcagaacctg 
aagtgcagca tacgcgtgcg cgctgttgtt 
acaaccaggt gcaaggtcca ataaggattt 
aacatgatgt tgtgctgcgt gctcccaatc 
ctgcgttatt ttatggatca gcgacgaaac 
99"aggatagg cccccggnct ttgcncnn 
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gcaccatcct gagtatcgat atagcctata 720 
cgaaggaggc atggatgtat tcccccgcgg 780 
tgaaggtatc acttaccgag aatgggctcc 840 
cttcaacaat tgggatccaa atgcagacca 900 
gat" t tctg ccaaacaatg cagatggttc 960 
ggtgcgaatg ggtaccccat ctgggacaaa 1020 
cgtgcagact ccaggagata taccatacaa 1080 
gaagtatgta ttcaagcatc ctcaacctaa 1140 
acatgtcggc atgagtagcc cggaaccaaa 1200 
ggtgcttcca agaattaaaa gacctggata 1260 
gcactcatac tatggaagct ttgggtacca 1320 
ttttgggtcc ccagaagatt taaaatcttt 1380 
tgtcctcatg gatgttgttc acagtcacgc 1440 
ttttgatggc acggatacac attacttcca 1500 
ggattcccgt gtgtttaact atgggaataa 1560 
aagatggtgg ctagaggagt acaagtttga 1620 
gatgtatacc catcatggat tacaagtaac 1680 
ctttgccact gatgtagatg cggtcgttta 1740 
gttttatcct gaagccgtaa ctatcggtga 1800 
tcctgttcaa gttggtgggg ttggtitttga 1860 
atggaHtgaa cttctcaaag gaaacgatga 1320 
actaacaaac agaaggtggc tggaaaagcg 19 80 
acttgttgga gacaagacta ttgcattctg 2040 
ggcgctgaac ggaccttcga cgcctaatat 2100 
tagacttatc acaacgggtc taggaggaga '2160 
cgggcatcct gaatggatag actttccaag 2220 
catcccagga aacaacaaca gttacgacaa 2280 
agaatttictt aggtatcatg gtatgcagca 2340 
aaaatatggt tttatgacat cagaccacca 2400 
ggtgatcgtg tttgaaaaag gggacttggt 2460 
ctatttcgac taccgggtcg gctgtttaaa 2520 
ggacgctgga ctrctttggtg gatttggtag 2580 
tgactgccaa catgacaaca ggccccattc 2 640 
tgttgtctat gctccaatga actaacagca 2700 
gctagtagca agaaaaatcg tatggtcaac 27 60 
ttgcctcaac gagtcctgga tagacaagac 2820 
cccagggcgt tgtgaagaaa acatgctcat 2880 
ctcccccaaa tacccctttt ttttttnaaa 2940 

2968 



<210> 7 

<211> 18 

<212> PRT 

<213> Triticum sp . 

<400> 7 

Ala Ala Ser Pro Gly Lys Val Leu Val Pro Asp Glu Ser Asp Asp Leu 
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10 15 



Gly Cys 



<210> 8 

<211> 12 

<212> PRT 

<213> Triticun sp . 

<400> 8 

Ala Gly Gly Pro Ser Gly Glu Val Met lie Gly Cys 
1 5 10 



<210> 9 

<211> 17 

<212> PRT 

<213> Triticvim sp. 

<400> 9 

Gly Gly Thr Pro Pro Ser lie Asp Gly Pro Val Gin Asp Ser Asp Gly 
1 5 10 15 

Cys 



<210> 10 

<211> S381 

<212> DNA 

<213> Triticum sp . 

<400> 10 

aagctttg ta gccttgcacg ggctccccaa caaactgcct cactcgattg tcaaaaaagt 60 
aaaaacgact gcagaaaaaa aaaccgactc actcgtcact accctaccgt cctacatgac 120 
acctggccgc aagacgacgc cgtcctcctg ccgcgcgcgt ccgcgatcac accaccgcaa 180 
aaaccaaaac ctcttcgccg gcgcgtccca cgctaccatc catgcagccg tccgcccgcg 240 
cgcgcgttgc ccgcaccacc cgctggcggc caccacgccg ccactctcgc gtgaaggctc 300 
cgtccgcttic cccctagctc caccctctct ccgtgctagc agtatatagc atccgccctc 360 
cgccccctcc caatcttaga acacccctcc ctttgcctcc tea tctcgct cgcgtgggtt 420 
taaccaggag aegaggeggg gccagtitiggg cagttaggct ggauccgatc cggctgcggc 480 
ggcggcgacg ggatggctgc gccggcattc gcagtttccg eggegggget ggcccggccg 540 
tcggctcctc caticcggcgg ggcagagegg agggggegeg gggtggagct gcagtcgcca 600 
ccgctgctct tcggccgcaa caagggcacc cgttcacccc gtaactattc gcgccacctt 660 
cctcactcac attctctcgt gtactctgtc gtgctcgccc ttcgccgacg acgcgtgccg 720 
attcegtate gggctgegge gttcagegae cttacgccgg ttccctcctg 9-gcggtgat 780 
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gtctgtaggc gccgccggcg ccggaggt tc tg.gatggcgc gtggtcacgc gcgcgggggg 840 
c gcccggg gaggtgacga tccctgacgg cggtagtggc ggaacaccgc Cutccatcga 900 
cggccccgct cagcccgacc ccgatgaccc gaaggtagct tttcttttgc atcgatctga 960 
aggtactcga catataccac cgtattaccc tgagtaaata ctgccaccat atttttatgg 1020 
ttcgctitgaa atacccgctit acccgctacg gctttcactc ncattgagac gtcggacgaa 1080 
actcactgaa ttcctataat ttiggtagaca ccgaaatata tactactccc tccgtcccat 1140 
aatacaagag cgtttttggc a cc tea tat t atagggcgga gggagtacct tttaggtcaa 1200 
aatactgtgg tagtctcaat tgcacacaag aatccaaata ttctttttaa aaaaaaatca 1260 
actaatcggt tgagtttcaa gtgaagcgcc tcggtcctcc ggctgagatg caaaccgaaa 1320 
tcaccgaaat ccatagtagc cgaaacttta atagaactga aactcaaaan ctgctatccg 1380 
gcgaaattcc aaagatctgc ttactccaca cgtaggttgc agtacacccc cttcctaatt 1440 
tattggggaa ggggtattat tatctegcta gtacctgcct gcatgacaat tgaaatctaa 1500 
gacaaaacac catatgegag gcctacacac ggtaggctgg tttacaacta tgtgtgccac 1560 
agttcgtcug aactttttgt ccttcacatc gtgttaggtt ccattcattg atgatgaaac 1620 
aagcctacag gatggaggtg aagatagcat ttggcctcca gagacaaatc aggttagtga 1680 
agaaattgac gecgaagaca cgagcagaat ggacaaagaa tcatctacga gggagaaatt 174 0 
acgcattccg ccaccaccgg gaaatggaca gcaaatatac gagactgacc caacgctccg 1800 
agactttaag taccaccctg agtatcggta tgettcgett ctattgtgtg cactttaaaa 1860 
acaatttaca gtctttgata agatgtgaat ggctgcttgc tgtgacacga aactcttgaa 1920 
gttegtagee acccttgtgt gttcatggtt ctgaggdaac atggtaaccg aacaaaaata 1980 
ggaaagtggc aagcactgea atgtgagcta ctgataacca cccat tgtaa ttgggxacac 2040 
tgattaacat atatgtcctc atgggctcta tcttttttca atatctatgc caattgaaca 2100 
acaatgette gtggacgggt gttcttttac cctcttcttc tatcaataga tgatatgeat 2160 
actcacgcgt atcctacaaa aaattgaaca acaatgccac ttxcccccgt gctgctt.ttg 2220 
taaggatgaa acacatatgt ccagatcaaa ctatactagc agtctaactg tgccttaatg 2280- 
gatcaaaaac agatatagee tatacagga'g aacaegttea gacattgatg aacacgaagg 2340 
aggcatggac gtattttccc gcggttacga gaagtttgga tttatgegea ggtgaaattt 2400 
cttgactaaa taactatgta tctacctttt ctttgtactc tatcaacatt cctcttccca 2460 
tgcagcgctg aaggtatcac ttaccgagaa tgggctcctg gagcagatgt aegttcttet 2520 
aaccacctga tegtttaect gactatacta attctatctt tcaaccaatt gtgaataatt 2580 
actgctcanc agctatccta aggttgggga ttttgeaect cccagatgaa cagcatatta 2640 
agccgcacaa ctagcattat taagaactaa ctcctgcttc caattgeagt 'ctgeagcatt 2700 
agttggcgac tccaacaatc gggatcca'aa tgcagaccat atgagcaaag tatgcatgta 2760 
gtttcacaaa tatatcatat tttctttgta gatttttttt tttagategg cttatctatt 2820 
taaatgtggc tgaatataca ccttiatatgt aegctgaget ctaaatatag ttggaagtgt 2880 
ttaggagcat taaattcact ggactctatt ctttcacttg cctgttgcac gagcccacta 2940 
ctagatacca atgttgatga tgc ttttgtt gtatgaggtc gaagtgaaac atgcatgtta 3000 
ccctcttata taagtaaggt tgcacatgta ttttttatga tctaaacatc atttactgat 3060 
tttgttcttg caagacacta agcagtttta cataataatg gcgttggagc aggecgactg 3120 
cacatctgaa ctgtagctcc atgtggttga tatagactac aaaegctcat actcaatgta 3180 
accgctctca gaatgacctc g^tgt t tggg agatttttct gccaaacaac gcagatggtt 3240 
cgccaccaac tcctcacggc tcacgggtga aggttgtttt cttctccttg ccaacggtgt 3300 
taggctcagg aacatgtcct gcattactca gaagctcttt tgaacaccta ggtgagaatg 3360 
gataccccac ctgggacaaa ggattcaatc cctgcttgga tcaagtactc cgtgcagact 3420 
ccaggagaca taccatacaa tggaatatac tatgatcctc ccgaagaggt attttacttc 3480 
atcttctgtg cttttagatfc tcagatattt ttattagaag aaaattatga ttttttcccc 3540 
cacgaacctt cccaattgct acttcaagct gtcctactta tttgctgctg gcatcttatt 3600 
t tcctattct ctaaccagc: atgaaattcc ttacatgeat atgeaggaga agcatgtatt 3660 
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caagcacccc caacccaaac gaccaaaatc attgcggata catgaaacac atgctggcat 3 720 
. jtagcccg gtattccacc tttaccatgt actccacaaa tgaagttagc tatatgcagc 3780 
ccaaattcac ccacaggtcg ttacaatggc atttetgcgt tggtgccctt crttcgcttc 3840 
acaagtaaaa aactcatcat aaatttattt gttaCgccgc ttggctaaea caatctgaaa 3S00 
aatgtaactg tggacaatcc agaactagat aatacaaatc tgaaaaaaca tgctggaata 3 9S0 
gtgtcatccc agtcaactag gacgttctga atgcccaaga gaagtactag tgcgtagcat 4020 
caaaagctgg cgtccattcg cccaaatgcc taatcaacac tatagtgaaa acaagtaact 4080 
gcacaaagaa acaagcaatc gcccaagtcc atatgtcttt tcaccatatt acatgttcca 4140 
tcaacaattt aattaacctc actccccaca aacatttgca tccacacctg ttcctacata 4200 
tatagttaet ttatatatca acctcataaa Ccatgactgt cataattaaa accgacggta 42S0 
taccaacga; cgagacaatt tggcatatgt ggacgaattt tgtggcttgt tatgcCctfcg 4320 
tcctaacaac acaacaaaca gattatgctc gttgg-agcc Ctttcacatc aacacatggg 4330 
caactacctg tttctttgtg caaccaggaa ccaaagatcg acacatatgc aaacctcagg 4440 
gatgaggcgc ttccaagaac taaaagactt ggatacaatg cagtgcaaat aatggcaatc 4500 
caagagcacc cataccatgg aagctttggg tagtcctctg ggtcgatttc tggttctttfc 4560 
agttacccct cgtccataga acatatttca actctagcaa ctatactatt atattaactt 4620 
ttcagctacc gtcttnctec ttcttatgtg agagactgcc gcntcttgct acttcctgtg 4630 
ttctcattca gagtanacat cctatganta gacaactcta Cgcngacatt ccggaagtat 4740 
ncactggctg actcggtcta aaataacaca ctgctcagac agccacataa cagtacgatt 4800 
acacacataa tgaccatgtc tgcafcagagt ggcggtagta tgttcctcac catactagca 4860 
taatgaetcg ctatataaga geacatcata CtaacttctC ttccaatgac atggaagctg 4920 
taacaacttt caaatcattt ttgtetttta agtgctgctt ttttcctgtt tgacaatcaa 4980 
tacaatacca cccccacgtg ctttcacctc tatcgcaggt accatgttac caatttctte S040 
gcaccaagta gccgtcccgg gcccccagaa gatttaaaat ctttgattga tagagctcac 5100 
gagctcggct tggctgtcct catggatgtt gttcacaggt acctaatgta atttgaggtc 5160 
ggcgtgttaa gttcacatta atcttaattc tttatttcaa ttcctatggc ctccccccta 5220 
gattggaaca gtaaaagcat catccagttt gtataaattg ctaaaagaac aCtttacatg 5280 
ttaagt&ttt tcaattacta tgaaacatat aaacctacat acttattgat tttacgacag 5340 
aagtaccgat ctcacaagat gaacaactgg ttgaccacat atcatttcat actacaaCac 5400 
aagaaaatga atagagaacg agttaatatt agccttggta aaatcagcaa cttgtttgga 5460 
aataaagtac agcgatgcca gtgcaaanaa caaggcatca agttggfcttc agctcccacg 5520 
gtcggtgcta gctgtcaagg gtaatttgca cgtagtcgca catagatttg tgtgggagtg 5580 
gaaagtaacc acagaitgtc cgaggaacac gggacacacg tcttagccac aggtctgggc 5640 
tccccttgat gcgggtagta gctttactcc ttatatgaaa tcacctcaag atagatttca 5700 
atttggggtt acacttanga actcancaag ttaaggatca actcnctgag ttctatacga 5750 
ctgatctttg accgagatat cttgatcagg ctaagtanca aaatccaggc cttgagatgc 5820 
Cgaacatgtc ctccattttg ggctgggcgc ccctgggcat aaggtgtngt ccttccttca 5880 
tgtgcttctt gcagcgtatg acataaacnt cctctgagct ggtanatgca cggtcccctt 5940 
cgaggaaatc aggggcagcc gcatctnggg aaagttggtc acccangcat ggatcctcng 6000 
cgcacaccgg gcaaacacgg cgaaaccact tctcctcgac actagctaac ttgacattca 6060 
agcaaaccaa gaacataact tcatntctaa acgaaccgga caccctcccc gcgcccgcac 6120 
ctacagagta caatgccagc ttcggactga actcctgtgt tcatgcatgt gctaatnaca 6130 
caggttctaa ccatcattcc aaatagcgcg ccacaactcc actatagtaa tgctatagcg 6240 
ttcanaagat cccgcactaa gggaccttag tccaaataca cgatcaaaca ctttacatag 6300 
cgccctacag ctatttaaaa ctatggtcac ccgctaagag gcataactcg ccacttaaaa 63 60 
ctatggttct aacttctaat cattttatg tcttggccca aagccccctc ttgttctata 6420 
gctttacctc tgggtcgaga tcacccttaa cccactggta accctggttg atttactcca 6480 
' CC " tCCt9 cgtagccrta cttttggctt rtcgcccctc acagccacgc gtcaaataat 6S*0 
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accctggacg ggccgaatcg cctcgatggc acggacacac attacttcca tggcggt tea ■ 65 00 
jggccacc aceggatgeg ggattcccgc gtgttcaact atgggaataa ggaagcatgg 6650 
gactacagaa tttctattgc catttgttat gcattcatcc attaattaat cctccaaccg 6720 
atattccaac attgetatet ctatacaggt tataaggttt ctactctcca atgcaagacg 6780 
gtggctagag gagcacaagt ttgatggtct ccgattcgat ggcgcgacct ccatgatgta 6840 
tacccaccat ggattacaag caactcattg cttgattgtc tttgttctat cttgactacc 5900 
tgegcaaett taataagatc aegee tagee aatantctct tttatgetae agcatcaatt 6960 
tttattcgag cttgaaacct: aaactacttt ttttttgaat tgctgcgccc tattttaggt 7020 
aacctctaca ggaagctacc acgaatattc tggctctgcc actgatgtag acgcggticgt 7080 
ttactcgatg ctgatgaatg atccaattca tgggectcat: cctgaagccg taactategg 7140 
tgaagacgta agtgtutcta tagtcacctt Ccaatatgaa tttgttagaa ctattggcac 7200 
ttatcttttt tgcagttLtag gctattctgt tcattcttac aggaggtgea tacagaagtt 7260 
gctttagatt tegaaacgea gtgeacateg tgccatcact tegtagctat atcgagttga 7320 
gacctgagag ccatggtaat caagttcctg aegeggcatt gcattagaca gttgcacgtc 73 80 
taagttcccg aegeggagae agaagaaaga acgcaccccc cgcgtcgctc ctctcagggc 7440 
gaeaegggeg gagccctcac ccccgccgcc acagggagca tccacccttc tcctcccccc 7500 
tcgccgccgc eggagggcaa agaccgcgcg gcgtcgcggc ggtgggtgcg gcctgggctg 7560 
gcatctggca gcggcgattt ggcctccccc gcccagaact giigctgccgc ggtttgtggc 7620 
agctitgg-gca tcggcagtgg cccgagtctg cggcggcggc gtgtctggcg tccggaggtig 7580 
cagegattgt gcggttgtgt ggctcaggct eggagggege gcgggctgcc aggtccggcc 7740 
agatccggcc tcgagtggcc tegcaegggg cggtggctgt tgcgggtccg tgggecgagg 7800 
ttcgggcgtg gccgctgctt gcccggaccg gtggtgcgta aegatgeegg agcagcgtcc 7860 
tegggtegtt gaagtgggcg ctcctccggc agcttcaggt ggtgattcgt cgcagcgggt 7920 
ggtgcactgg gggtctegge tgattgtggt gccatggtgg tggtggttgt tgeeggtage 7980 
aaagtgcctg gtgeacaegg ctanggtttt gcggatggac agacttgacg caatgccttia 8040 
gggcatagtg aatttcagct aagCacctag caccgacctt ggtcaatgee accgccgctg 8100 
gtgtcctagg aege tgttgc cc ttgttgga ggcgtgttigt: ggagcccctc cacctccatg 8150 
ggcatttaga tctcgagctc . tntgggtgaa aacgccggct ttggctttgg ccggagtggg 8220 
cggtggcggc gtaacegteg ctccccccat gggggtgtag tcttggaggt ctagactcga 8280 
ggaacccggc accccgggtt cgaaatcgat: aagcttggat ccgaagagct cccaacgcgt 8340 
tggatgeata gcttgagtat uctacagtgt cacctaaata g 8381 

<210> 11 

<211> 26 

<212> DNA 

<213> Triticum sp . 

<400> 11 

araccgtccc acatgacacc tegecg 26 

<210> 12 

<211> 27 

<212> DNA 

<213> Triticura sp . 
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araggcggcg gcgacgggat ggctgc 26 
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